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PREFACE 


This report describes the preliminary design of a Zero Gravity Test 
Facility (ZGTF) for testing High-Gain Antenna Systems (HGAS). The work was 
done at Spc^rry Flight Systems, Phoenix, Arizona, under the supervision of Mr. 
Richard Van Riper, Space Pointing Systems Department Head and Mr. Mike 
Maurice, System and Software Development Section Head. Messrs. George 
Stocking, Crockett Ellis, Jim Wilson, Bob Touchberry, and Dr. George Wilson 
provided valuable guidance in the design. The work was performed between 
February and July 1981 in fulfillment of the Contract No. NAS5-26479. 

The report is presented in two parts: Volume I, Technical, and Volume 
II, Development Plan and Cost Estimate (proprietary). 
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SECTION 1.0 
INTRODUCTION 


1.1 GENERAL 

This report describes the work done for the preliminary design of a Zero 
Gravity Test Facility (ZGTF). NASA Contract No. NAS5-26479. The major 
project objectives were to define the functional requirements and develop the 
best conceptual design for a test facility that simulates weightless 
operating conditions for a H1gh-6a1n Antenna Systems (H6AS), that will 
broadcast to the Tracking Data Relay Satellites (TORSS). The typical HGAS 
defined for this project Is mounted on a low earth-orbiting satellite, and 
consists of an antenna with a double-gimbal pointing system mounted on a 13- 
foot-long mast. Typically, the gimbals are driven by pulse-modulated dc 
motors or stepper motors. These drivers produce torques on the mast, with 
jitter that excites the satellite and may cause disturbances to sensitive 
experiments. 

The facility objectives as defined by the Statement of Work are; 

• Verification of the dynamic properties of the antenna support 

structure (mast), including flexible mode characteristics. 

% 

f A good practical estimate of the torque profile induced on the 
spacecraft b> motion of the high-gain antenna. 

t Verification of gain and phase margins of the servo control loop of 
the gimbal drive electronics. 

t An indication of tracking performance (pointing verification). 


The facility proposed in this report should meet all of these objectives. 


Although this facility was designed specifically for testing High-Gain 
Antenna Systems, it can also be used for testing other satellite mechanisms 
under simulated weightlessness. Examples of such mechanisms are telescope 
mirrors, solar panels, or deployed antennas. The major requirements are that 
the supported mechanism operates within the weight and speed limitations of 
the facility, and that the mechanism can be supported from above at a single 
poi nt. 

1.2 SYSTEM REQUIREMENTS 

Part of the preliminary design effort was to define the performance 
requirements and test item parameters for the ZGTF. This involved gathering 
data representative of high-gain antenna systems expected to be tested on the 
ZGTF, and listing their worst -case parameters. The test facility performance 
requirements were derived from the type of tests to be performed, the test 
itefii parameters, and the allowable error to be Introduced by the facility on 
the test item during testing. 

Two antenna pointing systems that represented the expected test design 
extremes were used to define the requirements. These were the Landsat high- 
gain antenna and the Space Telescope (ST) antenna system. The ST antenna 
system is a lightweight approach that uses the antenna mast as a waveguide 
tube to send the RF signals between the electronics at the base of the mast 
and the antenna and gimbals at the top of the mast. The gimbal drives use 
brushless dc motors to rotate the antenna in two directions perpendicular to 
the axis of the mast. 

The Landsat antenna system is a heavy system with the radio and gimbal 
control electronics located at the top of the mast. The gimbals are driven 
by stepper motors around the axis of the mast, and up and down in elevation. 
The pertinent parameters for these antenna systems are listed in Table 1-1. 
The facility requirements for testing these antenna systems are listed in 
Table 1-2. 
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There was some question whether the Wide-Angle Test Fixture (WATF) built 
at Sperry for testing the ASPS Gimbal System (AGS) would be practical or 
available for testing the HGASs. The WATF is not high enough to allow 
testing with a 13 -foot mast on the test item. The drive mechanisms on the 
WATF do not possess the required positional accuracy to meet the applied 
torque error requirement (1 ounce- inch). Finally, the WATF will be committed 
almost full time to testing the AGS once the test program is started and will 
therefore be unavailable to other programs during that time. 
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TABLE 1-1 

ZERO GRAVITY TEST FACILITY ITEM PARAMETERS 


Pointing system gimbal loop bandwidth - 1 Hz maximum 
Payload gimbal weight - 200 pounds maximum (45 pounds typical) 

Mast weight - 0 to 150 pounds 

Gimbal - payload eg offset - 2 feet, maximum 

Gimbal travel arc - ill5 degrees 

Mast length - 13.5 feet maximum 

Gimbal slew rate - 30 degrees per minute (8.7 x 10-3 radians per second, 

maximum 

Duitiny payload eg travel rate - .21 Inches per second, maximum 
Mast bending mode - 5 to 6 hertz (typically very rigid) 


TABLE 1-2 

ZERO GRAVITY TEST FACILITY REQUIREMENTS 


t Simulate zero gravity operation for gimbals and antenna mass 

t Allow verification of the structural and control dynamics of the 
pointing system 

t Allow gimbal angles as large as possible with a goal of 90 degrees 

i Measure all forces and torques at the base of the pointing system mast 
to 1 percent accuracy 

t Apply less than 1 oz-ln. of torque to the gimbals (or 5 percent of 
maximum gimbal torque) 

• Allow no Facility structural modes or control loop resonances that 
Interfere with pointing system measurements 
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TRADEOFF 


Several candidate methods for meeting the test requirements were 
considered for the ZGTF. All of the best candidates were based on tests that 
were conducted at Sperry for antenna pointing systems over the past several 
years. 

2.1 COUNTERBALANCE METHOD 

A sketch of the ZGTF counterbalance method is shown In Figure 2-1. The 
antenna system Is suspended upside down from a test structure. The antenna 
mass Is simulated by a set of counterweights attached to the gimbals. The 
counterweights reproduce the antenna moments of Inertia, with the center of 
mass of the gimbal -counterweight combination going through each glmbal. To 
avoid overloading the mast, the weight of the gimbals and counterweights Is 
suspended by cables driven by servomotors at a constant force. As in all of 
the methods, the mast Is bolted to an Instrumented base for measuring forces 
and torques transmitted by the antenna system during operation. This method 
Introduces Inaccuracies In the antenna systetn from the mass of the suspension 
cables, which Interfere with the mast dynamics and the counterbalance 
weights. The counterbalance weights produce high loads on the gimbal 
bearings > and do not model the effect of the offset cen"«^ of mass of the 
real antenna on gimbal dynamics. The counterweights interfere with each 
other and the gimbals, over a range of gimbal angles, preventing full gimbal 
rotation to all locations. Sperry's experience has shown that locating the 
counterweights for balancing during test setup is a tedious process. 

The major advantage of this method Is that It Is relatively inexpensive. 
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Figure 2-1 

Z6TF Counterbalance Method 


2-2 


2.2 WATF DERIVATIVE METHOD 

This concept (Figure 2-2) Is based on Sperry's Wide-Angle Test Fixture 
(WATF) used for testing the ASPS Glmbal System (AGS) to be used for Shuttle 
Orbiter pointing missions. 

The antenna system is mounted upright, v^ith the dummy antenna and upper 
glmbal supported by a cable that Is controlled at a constant force level, but 
Is free to wind and unwind on Its spool, the cable drive is mounted on a 
carriage which moves in two perpendicular directions horizontally (X and Y), 
and Is controlled to stay directly above the antenna suspension point. The 
cable remains vertical at all times. A tower supports the X-Y drive carriage 
8 to 10 feet above the antenna gimbals to provide enough cable length to 
reduce the errors Induced by the suspension to a negligible amount. The 
method requires very precise position and force sensors for the X, Y, and Z 
control loops. The ZGTF control loops must also have bandwidths that are 
higher than the pointing system control bandwidths. 

Glmbal angle travel Is limited to less than 90 degrees. For reference, 
the WATF glmbal angle limit Is 60 degrees. This concept allows functional 
testing of the antenna system structure under simulated zero-gravity 
conditions at any allowable glmbal angle. It produces near-zero torque about 
each of the three glmbal axes. Some radial load remains on the glmbal 
bearings. The tower for the WATF derivative 1s the tallest of the four 
concepts, requiring higher than normal laboratory celling height and careful 
design to ensure that the tower modal frequencies are higher than the test 
Item frequencies. 
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Figure 2-2 

Wide-Angle Test Fixture Concept for a Zero Gravity Test Facility 
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2.3 UPSIDE-DOWN WATF DERIVATIVE 

Another WATF derivative concept (Figure 2-3) places the X, Y, and Z 
drives at the base of the tower, with the antenna system mounted upside down. 
The constant vertical force is transmitted through a pivoting link from a 
linear actuator on the drive carriage to the dummy antenna mass, with the 
link remaining vertical at all times. The description of the WATF derivative 
concept also applies to this concept except that the tower for the upside 
down WATF is shorter. A major problem with this method is*the inherent 
instability of the control loops for the dummy mass suspension. The problem 
is analogous to balancing a weight on the tip of a pencil on the palm of your 
hand while another person pushes on the weight (Figure 2-4), This test 
method was expected to be the most expensive. 

2.4 AIR-BEARING SUSPENSION 

A concept that uses an air bearing to support the weight of the dummy 
antenna and gimbals was developed, based on a test run at Sperry on the Solar 
Max Mission High-Gain Antenna System. A sketch of the concept is shown in 
Figure 2-5. 

The mast base Is clamped to a track on a concrete pillar, allowing the 
mast to be tilted to any angle up to 90 degrees from horizontal. The dummy 
antenna weight is floated on an air bearing, which allows it to pivot about 
one gimbal axis in the horizontal plane only. The surface plate is mounted 
on rollers to allow it to be positioned closer to the concrete pillar as the 
mast is tilted up from horizontal. 

Theoretically, the air bearing should allow nearly fricticnless motion 
about one gimbal axis and produce no load on the gimbal bearings. However, 
Closer analysis shows that errors are introduced to the structural dynamics 
tests in the form of extraneous forces on the mast and torques on .the 
gimbals. Because of the frictionless nature of the air bearings, the surface 
plate must be very level to avoid torques on the gimbals caused by the dummy 
mass and bearing "sliding downhill" around the gimbal axis. 
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Upsida^Down Wide-Angle Test Fixture 
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Calculations for the Space Telescope (ST) antenna pointing system (the 
least stringent case) indicate the table has to be leveled to within 32 arc 
seconds (1 degree/li2) from horizontal to produce less than 1 oz-in, of 
torque on the gimbals. Since the surface plate must be moved for each gimbal 
angle tested, it must also be leveled again for each test. 

Another problem is the fact that the air bearing acts as a nonlinear 
spring suspension in the vertical direction. During tests where the mast 
angle is other than horizontal, the reaction forces and torques from the 
gimbal are coupled into the mast in such a way as to cause mast bounce in the 
vertical plane. The air-bearing spring adds an unwanted force to this degree 
of freedom, and interferes with the ability to measure reaction forces at the 
mast base. 

This method also tends to be dependent on operator technique for proper 
operation of the air bearing and leveling of the surface plate. 

The major advantages of this concept are: 1) a large test structure is 

not required, and 2) control systems for force or position are not required. 
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Figure 2-5 

ZGTF Air-Bearing Method 







2.5 TEST METHOD COMPARISON 

A table qualitatively comparing the different test methods Is presented 
In Table 2-1, which shows that the counterbalance and air-bearing method can 
be built with the least front-end design and fabrication effort. The two 
WATF derivative designs are more complex, and require more mechanical and 
electronic components. This complexity, however, buys greater accuracy for 
force and torque measurements on the mast as well as decreased 'time to run 
the tests once the setup Is completed. 

Several forces and torques to be measured at the mast base are missing 
in the counterbalance method. The gimbal loads are high and the mast 
suspension affects the mast dynamics adversely. 

For the air-bearing method, the air-bearing suspension Interferes with 
the vertical axis dynamics, and there Is the possibility of high gimbal 
torque error if the surface plate is not leveled properly before each test 
sequence. The requirement for a new test setup and surface plate releveling 
for each gimbal angle increases the time required to run a test series, and 
perhaps forces the tester to reduce the number of tests to meet a time 
constraint. 

The upside-down WATF offers no real advantages ovdr the WATF derivative 
method because of the Inherent instability and sensitivity to error of the 
antenna mass suspension. 

These factors leave the WATF derivative as the test method which best 
meets the reqtiements for the Zero Gravity Test Facility. The preliminary 
facility design is therefore based on the WATF concept, and the term ZGTF 
will be interpreted as the WATF-derivatIve design for the rest of this 
report. 
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TABLE 2-1 

TEST METHOD COMPARISON 



Counterbalance 

WATF 

Upside Down 
WATF 

Air Bearing 

Limits on 
Gitnbel Angle 

Up to 110“ In a 
limited envelope 

60“ any direction 
envelope to 90 

same as 
WATF 

110“ planar 
only 

Residual Torque 
on Gimbals 

None 

None 

None 

Potentially 

High 

Load on 
Gimbals 

High 

Small or 
None 

Small or 
None 

Small or 
None 

Mechanical 

Complexity 

Low 

High 

High 

Low 

Electronic 

Complexity 

Moderate 

High 

High 

Moderate 

Design 

Complexity 

Low 

High 

High 

Low 

Test Setup 
Time 

Moderate 

Long 

Long 

Repetitively 

Long 

Time to Run Tests 

Moderate 

Moderate 

Moderate 

Long 

Chance of Equip- 
ment Breakdown 

Low 

Moderate-High 

High 

Moderate- 

High 

Low - 
Moderate 

Structure Size 
(with 13 ft 
mast) 

Medium 

Large 

Medi urn 

Medium 

Initial Cost 

Low 

High 

High 

Low-Medium 

Quality of Ug 
Simulation for 
the; 





Gimbal 

Bearings 

Fair 

Good 

Good 

Good 

(limited to 
plane) 

Mast 

Fair 

Good 

Good 

Poor-Fair 

Inherent Errors 
Introduced by 
Test Method to 
Mast Forces 

Antenna eg 
offset force 
plus Torques 
Hissing 

None 

None 

Vertical Axis 
Force plus 
Torques plus 
possible Gimbal 
Torque Error 

Sensitivity to 
Errors (noise, 
vibration, etc) 

Medium-Low 

Low 

High 

Medluiii 
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PRELIMINARY DESIGN 

3.1 TEST FACILITY PERFORMANCE REQUIREMENTS 

Once the type of test facility was selected, the detailed performance 
requirements for the facility could be defined. For the WATF-derivative 
facility, the requirements are that the X, Y, and Z control loops respond 
swiftly and accurately enough to follow the motion of dummy antennas, and 
that the structural resonances not be in the same frequency range as those of 
the test article. Table 3-1 defines the 2GTF performance requirements. 


TABLE 3-1 

ZGTF PERFORMANCE REQUIREMENTS 


Structural resonance 

20 to 30 hertz minimum 

X,Y, and Z-axis loop bandwidths 

10 hertz minimum 

Z-axis cable resonance 

10 hertz minimum 

Z-axis load cell ranges 

0 to 75 pounds, 0 to 250 pounds 

Allowable Z-axis force error 

'^.02 percent of payload weight 

Z-axis travel during test 

-2 feet 

X-Y axis position loop allowable error 

.020 inch with 8 feet of cable 

X-Y axis travel during test 

+ 2 feet 


The structural and cable resonance frequencies are above the maximum 
test item mast frequency of 5 to 6 hertz, and the 1-hertz gimbal-loop 
bandwidth. The X, Y, and Z control-loop bandwidths are also set higher than 
the test-item frequencies to ensure adequate response. The X, Y, and Z 
allowable errors are based on calculations for the maximum torque error 
allowed from the test facility to the test item. The X, Y, and Z axis travel 
distances were sized to accommodate any projected high-gain antenna system 
presently foreseen. The Z-axis load cell ranges were specified to provide 
the proper amount of sensitivity for the whole range of antenna system 
weights. A ZGTF that meets these requirements will be flexible enough to 
handle any high-gain antenna system now proposed. 
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3.2 GENERAL DESIGN DESCRIPTION 

A sketch of the ZGTF Is shown in Figure 3-1. The most prominent feature 
is the 24-foot tower which supports the X, Y, and 2 drives at the top. The 
X, Y, and 2 drives have been copied from the WATF as much as possible to keep 
new-design costs down. The X- and Y-axis position control has been changed 
from the WATF's open-loop position command to a closed-loop system which 
minimi?es the carriage position error with respect to the cable attachment 
point on the antenna mass. An optical position sensor was added to measure 
this error. The Z-axis force loop remains unchanged from the WATF design. A 
high-accuracy load cell at the base of the Z-drive cable has been specified 
to allow the loop to meet the low error requirement. The instrumented mast 
base will probably utilize a 6-component force and torque transducer, 
normally used for wind-tunnel testing, which allows all force components at 
the mast base to be measured simultaneously. 

The electronics for the ZGTF have also been based on WATF electfonics as 
much as possible. The motor-drive electronics are similar to the current 
WATF drivers except that they will have higher current capability. The WATF 
* is being updated to include this change. The motor electronic safety 
interlocks and inhibits are the same for both facilities. 

The ZGTF control electronics use the same microprocessor architecture as 
the WATF, but the software will be different to reflect the different control 
philosophies. Sensor electronics have been added, to handle the additional 
force and position transducers used in the ZGTF. 

The following sections give a more detailed description of the 
components of the ZGTF. 
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3.3 MECHANICAL COMPONENTS 
3.3.1 Tower 


The tower design for the ZGTF differs markedly from the WATF tower. 
Originally, a scaled-up WATF tower was considered for the ZGTF. However, a 
computer analysis of that design showed a first mode bending frequency of 
only about 15 hertz, too low for the ZGTF. The proposed design (Figure 3.1) 
is much stiffer and has a calculated first mode frequency of about 22 hertz. 
The tower is all steel, and all joints are welded for rigidity.’ The legs are 
8-inch schedule 40 pipe as in the WATF design. The horizontal beams are 6- 
inch, wide flange, I-beams and the diagonal braces are 3-inch angle iron. 

The structure will be bolted together during construction and then welded. 

At the second level (12 feet above floor level), a floor is built of 
I-beams covered with catwalk grating. A 5- foot square hole is left at the 
center of this level for clearance for the test item. With a 13-foot mast 
and a 1-foot allowance for the mast base, the gimbals for the test item 
should be at approximately waist level for a person standing on the second 
level. Removable gratings or plates can be used to cover the 5-foot hole 
during set up of the antenna system to allow easy access during assembly. 
Access to the second level will be by removable ladders. As yet, no OSHA 
safety requirements for the tower have been identified, but fall protection 
can be provided for people working on the second level by using safety belts 
with a strap or cable attached to the tower third-level horizontal beam. 

» 

Construction of the tower requires cranes to lift the tower parts to 
their positions. The building enclosing the ZGTF must have enough clearance 
for this machinery to move around during construction. The minimum ceiling 
height for the building should be about 30 feet. 
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3,3,2 X and Y Drive Mechanism 


The X and Y drives move the suspension point for the Z-axis (vertical) 
cable in the two horizontal directions. The X-Y drive is based as much as 
possible on the WATF X-Y drive shown in Figures 3-2 and 3-3, The major 
mechanical components of the X-Y drive are the bridge (X direction), the 
trolley (Y direction), power boom, and the drive trains. 

The bridge rests on rails on top of the 14-inch I-beam frame at the 

top of the tower. The bridge is pulled back and forth on the rails by a pair 

of drive cables at each end of the bridge, A single electric motor drives 
both cables through a long drive shaft at one end of the frame. 

The trolley rides on rails on top of the bridge, pulling itself along 

a single cable which runs through the center of the trolley, A single motor 

drives the trolley. The drive cable runs across two idler pulleys on each 
side of the motor to allow the cable to wrap around the motor drive gear. 

The power boom supports the electrical cables that supply power to the 
trolley. The two sections of the boom are counterbalanced about their 
vertical pivots on the trolley and the frame. 

Both X and Y drives have limit switches which shut off motor power 
when the bridge or trolley reaches the limit of travel. The optical position 
sensor and electronics for the X, Y, and Z drives are discussed in a separate 
section of this report, 

3.3,3 Z-Axis Drive Mechanization 

The Z-axis drive keeps a constant force that is equal to the dummy 
antenna weight, on the Z-axis cable. The mechanica.l portion of the drive 
consists of a brush-type dc torquer motor which drives a cable drum through 
reduction gearing, A load cell at the bottom of the cable senses the force 
applied by the drive, and signals adjustments to be made by the control 
electronics. The drive applies constant force for static conditions and when 
the cable is reeling or unreeling from the drum. The mechanism is based on 
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Figure 3-2 

2GTF X, Y, and Z Drives 


‘''“"LT KHAMK 


3- 






the WATF Z-driye, but severcil changes were required to adapt it for use on 
the ZGTF. The WATF Z-drive motor is a surplus control -moment-gyro torquer 
that was available when the WATF was built, which will be replaced in the 
ZGTF by a brush-type dc motor. The load cell at the base of the cable was 
respecified to a high-accuracy transducer that is capable of meeting the ZGTF 
error requirements. Changes to the cable spool were also necessary. As the 
WATF Z-cable unreels, the location of the point at which the cable comes off 
the drum moves along the drum, and depends upon how much cable has been payed 
out. The ZGTF design will either allow the drum to move axially so that the 
cable reels off at the same point relative to the trolley, or the cable will 
pass over a pulley after coming off the drum, thus constraining it's 
horizontal position. 

One bandwidth limitation of the ZGTF is due to the resonant frequency 
of the Z-cable. This resonance modulates the vertical tension produced by 
the Z-axis drive. The frequency depends on the cable force, cable length, 
the length of the load cell at the base of the cable, and its inertia. The 
WATF cable frequency was 10 hertz, which is also the goal for the ZGTF cable 
frequency. 

The worst condition occurs with a light load and the cable unreeled to 
its maximum length. Using high-gain antenna system parameters and an unmodi- 
fied WATF Z-cable, the resonant frequency will be about 3 hertz, so some 
redesign of the ZGTF is also necessary in this area. Modifications may 
include lightening and shortening the load cell link at the base of the 
Z-cable. 

3.3.4 Mast Base 

The mast base provides an interface for bolting the antenna mast to 
the floor, and the base also acts as a transducer to measure six components 
of force and torque transmitted by the antenna system to the spacecraft. The 
forces and torques will be measured by either a wind-tunnel sting transducer 
or by a Sperry custom-designed transducer. The tradeoff between the two 
choices involves the cost of the wind-tunnel transducer against the technical 
risk and cost involved in developing the custom-designed transducer, A 

brochure describing the wind-tunnel transducer is included in the Appendix. 
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The custom transducer would utilize six off-the-shelf load cells 
arranged in an array described in Figure 3-4, 
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Figure 3-4 

Custom Six-Component Transducer Load Cell Sensitive Axis Array 


The load-cell outputs will be processed by an electronic sum and 
difference circuit to extract six orthogonal forces and torques. The 
schedule and cost estimates included in this report reflect use of the wind- 
tunnel transducer. The custom transducer requires more design and verifica- 
tion test time than that Indicated in this report. 

3,3.5 Hoisting Equipment 

An overhead crane is necessary to assist in raising and assembling the 
antenna system before and after testing. A crane that is the equivalent the 
Yale one-half ton model used on the WATF is recommended. The WATF crane is 
mounted on a horizontal I-beam attached to the celling. The hoisting motor 
rides on rollers on the I-beam, and is controlled by a manual switch that 
hangs from the hoist. During use, the ZGTF carriage will be displaced to one 
side of the tower, thus allowing the hoisting cable to drop down the center 
of the tower. Antenna system components and tools may then be lifted 
straight up for assembly. The crane will also be useful during assembly of 
the ZGTF tower. For this reason, we recommend that the crane be installed in 
the test building before ZGTF construction. 
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3.4 ELECTRONICS DESIGN 
3,4.1 Motor Drivers 


The ZGTF requires a motor-drive electronics unit (MDU) for the X» Y, 
and Z motors. An input/output block diagram for the MDU is shown in Figure 
3-5, Inputs from the control unit electronics provide error signal commands 
for motor torque to the X, Y, and Z motors and also provide inhibit signals 
to shut down power to any of the three motors in case of abnormal operating 
conditions. The outputs are for high and low sides of the windings for the 
three motors. The MDU will contain one card of logic circuitry, for current 
crowbar electronics, to sense motor overcurrent conditions. The output of 
this card is run through OR logic circuitry, with the control unit inhibit 
signals, which allows either inhibit signal to stop motor power. 

The MDU design is similar to the one used on the WATF. Because of the 
difference in motors and a more restrictive requirement on holding torques, 
some changes in the servocont roller characteristics will be required, such as 
higher current capability than that in the present WATF design. Power to the 
MDU will be from a centrally switched 120-volt, 60-hertz supply, 

3,4.2 Control Electronics and Panel 

The control electronics unit contains the X, Y, and Z control -loop 
compensation logic, safety interlock logic, and the manual controls required 
for operating the ZGTF in an open-loop mode. Block diagrams of the control 
unit is shown in Figures 3-6 and 3-7, 
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fi Figure 3-5 

*•' ZGTF Motor Drive Unit Ihput/Output Diagram 




SYITEM 

CLOCK 


ORIGINAL PAGE IS 
OF POOR QUAUTf 


FORCE ERROR 


ARITH. 

PROC. 


16i1 

ANALOG 

MUK 


3 

D/A’S 

AND 

HOLDS 


PARALLEL IN, 16 SIT 


PAPULEL OUT, 16 BIT 


ABCDEFGHI JK 


INHIBIT 


Y 

/mdu 


(RTC) 

WATCHDOG 

TIMER 


SIGNAL FROM 
X-Y LIMIT 
SWITCHES 


INHIBIT WATF 

- INHBIT MDU 

- ENABLE AND ACTUATE 
CABLE BREAK T 




Ar.XPOSN.POS.MAX. 
B - XPOSN.NEO.MAX. 
C -YPOSN POS.MAX. 
D-YPOSN.NEO.MAX. 
E -XLR L'k 
F .-XLR R } MANUAL 

0 ~ylr lJ 


H YLR.R 
I -ZUO U 
J - ZUD D 

K ~ MANUAL/AUTO SELECT 

h ; yInhIbIt^ INTERRUPT 
N- JlKSJioEA (OPTION) 


foldout frame 



ORIGINAL PAGE IS 
OF POOR QUALITY 


10V 


FORC£ ERROR 


16:1 

ANALOG 

MUX 


3 

0/A'S 

AND 

HOLDS 



I INHIBIT WATF 

INHBIT MDU , , 

t - ENABLE AND ACTI lATFi | 

CABLE BREAK 


V I 


TO RECORDER 
JACKS 


FORCE REFERENCE 



p 

1 

4 

4 

, ] 

•R - 


1 




<1 


<t 


<t 


<1 

t> 


<t 


i i 





:) 


2.FORCE 

SENSOR 
X POSITION 
DIFFERENCE 
SENrSOR 

V POSITION 
DIFFERENCE V , 
SENSOR * ’ 
X POSITION 
SUM 
SENSOR 

Y POSITION 
SUM 

CABLE RATE 


» X COMMAND 


Y COMMAND 


Z COMMAND 


OUTPUT 

TO 

MDU 


. WATF MAST BASE 
> FORCE TRANSDUCER 
' OUTPUTS 


GIMBALELEV. ANGLE 
(RESOLVER OUT) 

GIMBAL LAT. ANGLE 
(RESOLVER OUT) 


7U-61H 


Figure 3-6 
Z6TF Control Unit 
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Figure 3-7 

Control Unit Auxiliary Circuits 



Inputs are received from the optical position sensor, Z-axis force 
transducer, Z-axis cable rate sensor, X-Y limit switches, and antenna gimbal 
commands for processing by a Z80-based logic circuit. Outputs are motor 
command and inhibit for the X, Y, and Z axes of the MDU, Analog output jacks 
are provided for recording all input (except limit switches) and output 
commands as well as the mast base force sensor and gimbal resolver angles. 
Analog signals are converted to 16-bit digital signals before processing. 
Fifteen separate inputs .are provided for the three optical position sensor 
detectors. The six sensor X and Y sum inputs supply information on light 
intensity for each axis. The six X and Y difference inputs indicate percent 
offset of the light beam in each direction for each sensor. The micro- 
proc6$sor performs a division operation of difference/sum for each sensor and 
direction (X and Y) to obtain absolute position of the light beam for each 
optical sensor. The six displacement values are then arithmetically 
processed to give the X and Y position errors of the X-Y drive carriage. 

These signals are processed in the X and Y loop-compensation equations to 
arrive at the motor command signals sent to the MDU. For each of the three 
optical sensors, the X and Y sum signals are added together and sent through 
a Schmitt trigger circuit to monitor total light intensity on each sensor. 

If the light intensity falls below a preset level, signaling loss of the 
light beam from any sensor, an inhibit signal is sent to the MDU to shut off 
motor power. 

A parallel 16-bit input is used for the optical sensor inhibit signal 
and for manual control of the ZGTF. The manual inputs command motion of the 
X-Y carriage and Z cable at a constant rate (in both directions) along each 
axis. Manual inhibits for each axis and a manual/automatic mode-select 
switch are also provided at this input port. 

The Z-axis load cell output is summed with the Z force reference 
voltage from a precision potentiometer. The Z-axis force error signal is 
then digitized, sent through the Z-axis control-loop compensation calcula- 
tion, and output to the MDU. 
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A real-time watchdog timer monitors the Z80 microprocessor. In case 
of Z80 failure or power loss, the timer senses the lack of signals from the 
microprocessor and sends an inhibit signal to all three motor-drive inputs. 
Provisions are available to also send an inhibit to the antenna gimbal 
electronics for this condition. 

Another inhibit signal is derived from Z-cable rate. A cable 
overspeed condition produces an inhibit signal to the Z-motor drive, 
actuating a fail-safe brake on the Z drive. 

Table 3-2 summarizes conditions for safety interlock commands. 

TABLE 3-2 

Z6TF CONTROL UNIT SAFETY INTERLOCK CONDITIONS 


Condition 

Drive 

Inhibited 

Motor Overcurrent 

■MM 

Manual Inhibit 

X. Y, Z 

Z80 Failure 

X. Y, Z 

Loss of Power 

X, Y, Z 

Optical Sensor Low 
Light Level /Loss of 
Light Beam 

X. Y 

X-Y Position Overtravel 

X. Y 

Z-Cable Overrate 

Z 
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Failures or power losses in other coniponents of the ZGTF outside the 
controller can also lead to inhibit signals to the MDU. Examples are Z-force 
transducer failure, leading to a high cable rate command and triggering the 
cable overrate inhibit, or the X-Y carriage sticking in place and causing a 
motor overcurrent command or loss of light beam on the position sensor and 
leading to X or Y motor inhibit. 

The control panel for the ZGTF will be kept simple. Labeled jacks 
will be provided for each output, along with switches for manual X, Y, z 
position command, X, Y, Z inhibit, manual /automatic select, and a master 
power switch for the entire facility. Schematics for the position command 
switches (E through 0) and the inhibit and mode-select switches (K through N) 
are shown in Figure 3-6, The master power switch and power distribution 
schematic are shown in Figure 3-7. 

3.4.3 Sensor Electronics 

The suggested transducer electronics are, for the most part, off-the- 
shelf signal conditioning units. Equivalent electronics by other manufac- 
turers than those mentioned will be acceptable. The electronics for the 
force sensors are Validyne CD-19 carrier-deniodulator-amplifier units in an 
MC-10 power-supply enclosure. Descriptive literature for these units is 
shown in the appendix. The CD-19s transmit a sine-wave carrier to the force 
transducer strain-gage bridges. The return signal from the bridges is 
demodulated and amplified by the CD^19s. The carrier power signal to the 
bridges provides excellent immunity to electromagnetic interference- (EMI) 
induced noise from the ZGTF and antenna gimbal motors. Induced noise in the 
Z-transducer cabling was a problem during initial operation of the WATF. The 
use of this type of signal conditioner should avoid this problem in the ZGTF. 
Ten channels of GD-19 plug-in units are required as follows: 

• Mast base force sensor - 6 channels 

• Z-axis load cell - I channel 

§ Mast-mode triax accelerometer - 3 channels 
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These units may be used with any strain-gage bridge type of transducer, 
possibly eliminating the need to buy new electronics if future tests require 
that new parameters be measured. 

The optical position sensors require buffer and summing amplifiers at 
the photodetector output. United Detector Technology Model 301 amplifiers, 
or equivalent, plus 521 type opamps are connected as shown in Figure 3-8. 



Figure 3-8 

Optical Sensor Electronics Schematic 


The 301 amplifiers derive the sum and difference signals from the 
photodetector output. The 521 opamp sums the X and Y sum signals for the 
loss-of-1 ight-beam inhibit input to the control unit. Six type 301 
amplifiers plus three 521 opamps are needed for the three photodetectors in 
the position sensors. 

The final piece of transducer electronics are tri-state logic drivers 
for the X and Y position-limit switches. The drivers convert the on/off 
output of the limit switches to high/low logic for the microprocessor. Four 
logic drivers are necessary for the ZGTF. 
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3.4,4 X-Y Position Sensor 

The position sensor^ for the ZGTF X and Y drives must be capable of 
detecting position error between the X-Y drive carriage and the suspension 
point for the dummy antenna mass to within a few thousands of an inch. A 
preliminary design that utilizes laser optics was developed; it appears 
capable of measuring position error to the required accuracy, unaffected by 
Z-axis cable dynamics. 

The laser light source is mounted on the trolley with the Z-drive 
mechanism, as shown in Figure 3-9. The light beam is split into three parts 
and sent straight down to three reflectors mounted on the top of the Z-axis 
load cell at the base of the Z cable. The three reflected beams travel back 
up to three optical position detectors mounted on the Z-drive trolley where 
light spot position is sensed. 


OPTICAL 

detectors 



Figure 3-9 

X-Y Position Sensor Layout 


^Optical position sensor refers to the position-sensing system. Optical 
position detector refers to the photoelectric light spot measuring 
component. 
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The position sensor is designed around the reflective properties of 
two types of mirrors - flat and cube corner. The flat mirror reflects light 
at an angle equal to the angle of the incident beam of light (Figure 3-10), 
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Figure 3-10 
ZGTF Reflectors 
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The cube corner mirror reflects light in the opposite direction from which it 
enters the mirror, no matter what the mirror orientiation. The reflected 
beam is displaced from the center of the mirror, the same distance as the 
incident beami on the opposite side of the center. This can be demonstrated 
by looking in a cube corner mirror. The observer will always see his eye 
upside down and centered in the mirror, no matter at what angle the mirror is 
held. 

The flat mirror, when mounted on the top of the rigid load cell link, 
reflects the laser beam back at twice the angle that the link is cocked 
(Figure 3-11). 
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Figure 3-Xl 

Optical Reflector Position Outputs 


The displacement of the bottom of the link with respect to the top of the 
link is: 


"Lp 
^ 2L1 


Xm 


(1) 


Therefore, the flat mirror measures the displacement of the link only. 


The cube corner mirror reflects its light beam straight back up, 
displaced twice the distance that the Z-drive trolley is displaced with 
respect to the top of the load cell link. The cube corner mirror measures Z- 
cable displacement only. By summing the displacement measurements of the 
cube corner and the flat mirror beams, the sensor arrives at the displacement 
of the trolley with respect to the bottom of the load cell link, which is the 
desired measurement (Figure 3-12). 
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Figure 3-12 

X-Y Position Derivation 

The calculated displacement is independent of the position of the top of the 
load cell link because this displacement is cancelled out in the summation 
process. When cable vibration occurs, the top of the load cell sustains a 
periodic displacement, even though the trolley and antenna mass may not move. 
Independence from load-cell displacement makes the position sensor 
insensitive to cable vibration. 

Because of the nature of the cube corner mirror, the position sensor 
is sensitive to rotation of the load-cell link about the vertical axis. The 
use of one cube-corner mirror, offset from the link's vertical axis, would 
result in a displacement signal if the link rotated. For this reason, two 
cube-corner mirrors on opposite sides of the link axis are used in this 
design. The outputs of the two are averaged to cancel out rotational 
effects. Since the flat mirror is insensitive to rotation about the vertical 
axis, only one is needed; hence three laser beams are needed for this sensor. 
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The photodetectors used for sensing the reflected light-beam positions 
each produce X- and Y-position outputs. The detector outputs are appropri- 
ately summed and scaled by the senior and control electronics. The active 
area of each detector is 1.75 inches in diameter. During ZGTF start-up, the 
X-Y carriage must be positioned so that the light beams are within this area. 
Loss of a light beam from any sensor causes the X and Y drives to shut down. 
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3.5 TEST ‘EQUIPMENT 
3,5.1 Test Structure 


It is assumed that the ZGTF may be used at a site other than Sperry 
Flight Systems, A preliminary test structure is necessary to avoid having to 
assemble the 24-foot ZGTF tower for preliminary testing of the ZGTF drives at 
Sperry and then shipping the assembled tower across the country. 

The test structure supports the ZGTF X, Y, and Z drives during 
preliminary checkout tests# The structure is the same as the WATF structure 
except that the drives are supported only 8 to 10 feet above the ground. At 
this height the end of the Z-drive cable may be attached to test equipment on 
the ground. The 8 to 10 feet of Z-cable payout simulates actual operating 
conditions. The tower uprights will be 8-inch schedule 40 steel pipe with 2- 
inch pipe diagonal supports. A sketch of the test tower is shown in Figure 
3-13. The test structure will be a nondeliverable item, 

3,5,2 Motion Simulator 

During test facility checkout and verification tests, a motion 
simulator is necessary to check the facility's slew performance, A 
conceptual design of such a device is shown in Figure 3-14. The ZGTF Z-drive 
cable attaches to the moving block through a ball joint. The moving block 
rides on two linear ball bushings, propelled by a ball screw drive for slew 
simulation. A constant-speed motor turns the drive screw at predetermined 
rates. The simulator can be tilted up at angles up to 90 degrees from 
horizontal for simulating motion in any direction. 

For precision static-displacement measurements, a displacement 
measuring block can be clamped to the simulator. Static displacements are 
measured with the micrometer head on the block. The motion simulator will be 
used for periodic recalibration of the ZGTF, and will be a deliverable item. 
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Figure 3-13 
ZGTF Test Structure 
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Figure 3-14 

Gfmbal Slew Simulator-Position Sensor Calibrator 
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SECTION 4.0 


SYSTEM DESIGN 


4.1 X-Y POSITION LOOPS 

The X and Y position-control loops are designed to keep the X-Y carriage 
directly above the antenna dummy mass suspension point. The objective is to 
keep the suspension cable vertical at all times to avoid side forces on the 
antenna mass. The maximum allowable position error is .020 inch between the 
carriage and the antenna suspension point. The system block diagram is shown 
in Figure 4-1 for one axis. The system model for each axis is the same, but 
there are differences in the mass and stiffness in each direction. The X 
loop models the bridge and trolley masses and two drive cables. The Y loop 
contains the trolley and one drive cable. A similar system model without 
position feedback was used for the WATF X and Y controller. The parameters 
used for the preliminary design were taken from the WATF system model, except 
for the carriage mass which was scaled down to reflect the ZGTF mass. The X 
loop was used for modeling because the higher mass of the bridge and trolley 
represent the worst-case design problem. The two friction terms shown were 
neglected in calculating the loop compensation. 

The open-loop transfer function is: 

s2 / ^ ^ s + ll (^ + l\ 

\Kc (J + Mr2) Kc ) \“d j 

where Gc(s) is the compensation transfer function. 

The uncompensated open-loop gain is 

_B 

J + MR2 


KdKtN 


= 1.21 


(3) 
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Figure 4-1 

ZGTF X-Y Position-Control Loop Block Diagram 





and the uncompensated crossover frequency is about 1.1 radians per second as 
shown in Figure 4-2. For a lO-Hz loop bandwidth, the compensated zero dB 
crossover frequency should be about 60 radians per second with a - 20 -decibel - 
per-decade slope around the crossover. The compensation picked for this loop 
was: 


( 4 ) 


Gc(s) 


K ( iL- 4 . 1.4a 







^1 < ^ < ‘*’3 


The compensated open-loop Bode plot is shown in Figure 4-2. One peculiarity 
of this loop is that the cable spring constant Kc is expected to change by a 
factor of 2:1, depending on the position of the carriage. As the carriage 
position goes from one side of the tower to the other, the length of cable 
through which tension is applied changes by 2 : 1 , causing a proportional 
change in spring constant. This change causes the break frequencies at 


ojm ^ 3 7.0 rad/s and co = ^ * 14 rad/s (5) 

K Kc (0 + Mr2) h 

to drift down to 5.5 and 7 radians per second, respectively. For this reason 
the quadratic lead break frequency was put at 5.5 radians per second to 
avoid the possibility of instabilities during saturated operating conditions. 
The compensation gain was' set to K = 345 to obtain the 60 radians per second 
crossover. The quadratic lag break frequency was set at 150 radians per 
second. This gives a calculated phase margin of 21.5 degrees at crossover. 
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The closed-loop Bode plot is shown in Figure 4-3. The system bandwidth 
is about 120 rad/s, or twice the goal of 60 rad/s. The X-position loop was 
dynamically modeled on an Applied Dynamics/4 analog computer. The use of the 
analog computer allowed Immediate examination of modifications to the system 
and was very useful in tracking down cause-and-effect relations in the U;op. 
The modeled input was a transient ramp change in antenna mass position, at .2 
in./s, simulating a 30-degree-per-minute slew of a Sperry HGAS antenna drive. 
The ramp input voltage was filtered with a 1-hertz lag to simulate the 1- 
hertz bandwidth of the antenna gimbals. Transient responses that had several 
of the nonlinearities present in the loop were run to detennine the effect of 
each nonlinearity on the X-loop position error. The transient responses are 
shown in Figures 4-4 through 4-8. The nonlinearities modeled were as 
follows: 

e Saturations (limits) 

- Control electronics voltage - 15 volts 

- Motor torque - 140 inch-pound 

- Carriage velocity - .65 inch per second 

• Dahl friction (no peaking) 

- Motor torque - 7 inch-pounds 

- Carriage bearings - 14 pounds 

Also modeled was tower dynamics, as a linear, second-order negative 
feedback. Referring to the transient response curves, for saturations only, 
the peak position error was .0018 inch. The steady-state error diminished to 
zero. With saturations and the tower dynamics, the transient response showed 
no change. This was confirmed by an analysis that showed the static gain 
through the tower dynamics feedback path was 10,000 times less than the 
position sensor feedback gain because of the high stiffness of the tower. 

With saturations and motor friction, the transient response showed a 
.0025 inch peak pointing error. The steady-state error was about .001 inch. 
An analysis using the final value theorem predicted a ,0009-inch steady-state 
error, which is in excellent agreement. 
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Figure 4-3 

X-Y Closed-Loop Response - ZGTF Linear Model 
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Figure 4-4 

ZGTF X-Y Loop Transient Response to Gimbal Slew - 
Command Saturations Only 
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Figure 4-5 

ZGTF X-Y Loop Transient Response to Gimbal Slew 
Cofnmand - Saturation and Tower Dynamics 
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Figure 4-6 

Transient Response to Gimbal Slew 
Saturation and Motor Friction 
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Figure 4-7 

ZGTF X-Y Loop Transient Response to Gimbal Slew 
Command - Saturation and Carriage Friction 
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Figure 4-8 

ZGTF X-Y Loop Transient Response to Gimbal Slew 
Command - All Nonlinearities Included 
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with saturations and carriage friction, the peak position error was .011 
Inch. The steady-state error was about .004 Inch. A final value theorem 
analysis for carriage friction predicted .0036 Inch steady-state error, again 
in excellent agreement. 

When all nonllnearities and tower dynamics were Included In the model, 
the peak position error was .0117 inch with .0045 Inch steady-state error. 
These are both within the .020-Inch error requirement. 

In comparing the sources of position error, all the nonllnearities were 
Insignificant except for the carriage friction. The cause for the large 
error was traced to the stiffness of the carriage X-drIve cable. Figure 4-9 
shows the transient response for several points In the X loop ahead of the 
carriage mass. The large initial difference in velocity at the X-motor 
output and at the carriage indicates that the X cable is stretching. The 
stretch continues until the breakaway friction force at the carriage is 
attained. The motor output and the carriage both settle out to .2 1nch/s 
velocity in a well-behaved manner within .6 second. The motor torque 
saturates In both directions at 140 In. -lb during the Initial transient. The 
fact that no limit cycling occurs indicates that the control loop Is stable. 
Data runs with the motor torque limit Increased to 180 In. -lb also saturated, 
but showed almost no improvement in the position error response. 

If it is necessary to reduce the .020-inch position error requirement, 

the analysis results indicate that some effort should be made to stiffen the 

X drive between the motor and the carriage. This can be done by using a 

heavier cable or redesigning the drive. One solution would be to replace the 

single motor, two-cable drive with one that uses a pair of stepper motors 

driving ball screws at each end of the carriage. The stepper motors could be 

• 

electrically synchronized to avoid cocking the bridge (on the rails at each 
end) and causing it to jam. A new system analysis would be necessary for 
this method since the control loop would be significantly different from the 
one modeled In this study. 
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Figure 4-9 

2GTF X-Y Loop Transient Response to Gimbal Slew 
Command - All Nonlinearities Included 
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4.2 Z-FORCE LOOP 


The Z-force loop is designed to apply a constant vertical force on the 
test Item dummy antenna mass to counteract the force of gravity. The Z-loop 
system model and block diagram shown In Figure 4-10, are the same as those 
used for the AGS WATF. The changes made In hardware components for the ZGTF 
loop do not affect the WATF system model. The Z-drIve motor will be selected 
to match the performance of the gimbal torquer used on the WATF. The high- 
accuracy force transducer for the ZGTF Is modeled the same as the one used on 
the WATF. 


A major difference In the WATF and ZGTF loops Is the payload mass 
supported by the cable. The largest mass to be supported by the ZGTF is only 
one-half the AGS mass. However, this does not affect the loop design because 
the Z-drIve motor acts through a 75:1 gear ratio. The effect of the gear 
train is to make the motor Inertia appear much larger than the load inertia, 
thus making the loop insensitive to payload mass for the antennas to he 
tested. This is an advantage for the ZGTF because the loop compensation gain 
does not have to be changed for each different antenna system. 


The compensation for the Z loop is: 




1.4s 

U4s 


+ 1 


+ 1 


( 6 ) 


The break frequencies and gain are selected to produce a 100 radians per 
second open-loop crossover frequency with about 30 degrees phase margin. 


The open- and closed-loop Bode gain plots for the Z axis loop are shown 
in Figure 4-11. The loop has about 10-hertz bandwidth and zero steady-state 
error for the linear model. An analysis to determine the steady state error 
with motor friction also results In zero steady state error on force output. 
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Figure 4-11 

WATF Z-Axis Tension Control Loop Bode Gain Plots 
{Straight-Line Approximations) 



The 1 loop like the X and Y loops is affected by changes in cable 

length. The cable spring constant Kc changes, causing the break frequencies 
K. K- 

at ^ = and w « to fluctuate. For this reason the compensation break 

M Uq 

frequencies 1 and 2 were set at the lower liiiiitf the two mechanism 
frequencies to avoid instability problems. 

No computer analysis on the 2 loop was done for the ZGTF preliminary 
design. The stability, gain and phase margins have been demonstrated on the 
WATF, and at this stage the ZGTF hardware parameters are not defined well 
enough to make it worthwhile to model the Z loop for fine tuning. Z loop 
transient modeling should be done at the detailed design stage for the ZGTF. 
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SECTION 5.0 
ANALYSES 
No. 

1 Air-Bearing Table Tilt Requirement 

2 ZGTF X-Y Trolley Position Accuracy Requirement 

3 WATF Force Error on AGS 

4 Torque Error Caused by Mass Suspension Location 

5 ZGTF X-Y Carriage Error Sensor 

6 ZGTF X-Y Vertical Deflection and Frequencies 

7 ZGTF Tower Structural Modes 

8 Z-Axis Loop Analysis 

9 Z-Axis Error caused by Friction in the Gear Train 

10 X-Y Loop Analysis 

11 X-Y Steady-State Error Caused by Carriage Friction 

12 X-Y Loop Steady-State Error caused by Motor Torque Friction 

13 X-Y Loop Digital Simulations (Frequency Response) 

14 X-Y Loop Analog Simulations (Transient Response) 
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5.1 AIR-BEARING TABLE TILT REQUIREMENT 

If the a1r bearing for the antenna mass rests on an unlevel table, it will 
tend to slide downhill, assuming no friction is present. 



Figure 5-1 

Unlevel table will cause a torque error on the gimbal. 
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Figure 5-2 


The gimbal torque error is 

Te = FR tan ot = 1 ounce-inch maximum 


5-2 


for the STARS antenna system 
F = 25 lb R * 16 inch 


tan o£ « 


m 


1 ounce-inch 

T?'5" Tb' )’ in n rrre oi7 V6 )' 
1 

"SOT 


a * .00895® * 32 arcsec » 


r 

112 
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5.2 ZGTF X-Y TROLLEY POSITION ACCURACY REQUIREMENT 
5.2.1 ZGTF X~Y Trolley Position Accuracy 

Find the maximum position error allowable 



Figure 5-3 
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For L = 10 ft Xe “ *025“ max X-Y position error 
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5.2.2 Z6TF 2-Axis Force Accuracy 
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Figure 5-4 






Fc 3.9^Io’^M^ 


=Fe(H") 


10 "^^ 


A-/ X 10“*' 


(5-2) 


Force Error = .02 percent 


5-5 



ANALYSIS 5,3 
WATF FORCE ERROR ON AGS 


5.3 WATF FORCE ERROR ON AGS 
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Find the position error between the WATF and the AGS 



Figure 5-5 
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Trolley X-Y Position Error « Xe 
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Z-Axis Error 
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Figure 5-6 
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- .0033 

500 


error on Z-axis loop 
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ANALYSIS 5,4 

TORQUE ERROR CAUSED BY MASS SUSPENSION LOCATION 
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5.4 TORQUE ERROR CAUSED BY MASS SUSPENSION LOCATION (Figure 5-7) 

The antenna mass is supported from the point at Fc» located Al from the 
dummy mass center of gravity, Wp. The variables are defined as; 

Wp - dummy mass weight 
Wq - gimbal pair weight 

ZcM - distance from lateral gimbal axis to antenna center of mass 
Zq - 1/2 distance, between gimbal axes 
AZ - distance from antenna center mass to suspension point 
T - lateral gimbal angle, zero degrees straight up 
o - elevation gimbal angle, zero degrees straight up 
Fq - force on suspension cable, straight up 

Tiat - torque error on lateral gimbal 
Tel " to^ue error on elevation gimbal 

t 

The force exerted by the cable is the dummy mass weight plus half the 
weight of the gimbals. 



Figure 5-7 
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Tut= Fc 

^ /'-e^crc F, (?^ -AZ)-u^fo-,J 
Tim .^y-.cr 
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0 for all angles with the single-point suspension 


Torque 
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Z6TF X-Y CARRIAGE ERROR SENSOR 
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5.5 ZGTF X-Y CARRIAGE ERROR SENSOR 

An optical sensor will be used which senses the position of a beam of 
laser light reflected off a mirror at the bottom of the Z-drive cable and on top 
of the Z«ax1s load cell. 



Figure 5-8 

5.5.1 Cube Corner Mirror 


The light reflects in the opposite direction from which it enters the 
mirror. The reflected beam is reflected the same distance from the mirror 
center as the Incident beam, on the opposite side of the mirror. 
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Figure 5-9 
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A cube corner mirror measures cable angle only. 

“■■51:7 


Flat Mirror 

Light reflects at twice the angle of the mirror to the incident beam. 


"Xm«. *L| 



MiAtURCO 
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Figure 5-10 


The flat mirror measures the link angle only. 

The error between the carriage and the payload is 

Xerr * ^carriage ' ^payload 

^ ^carriage " ^link^ ^^link ' ^payload ^ 

Xerr » 


Any errors in position measurement due to cable dynamics are eliminated 
by using both the flat and cube corner mirrors. 
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5.5.2 Cable Dynamics and Measured Displacements 



CABLE TENSION 



Figure 5-11 


The sum of the torques about the payload attachment point is 
*0 * Fix $)-^J6 


(5-8) 




ci ^ XLfj. 0 c 

iTi xli 


* displacement between top of cable and suspension point, 
The relation between measurements with the two mirrors is 

CJs‘*Fu)XHa‘-ru 


' ^Lx 
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(5-9) 
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For the flat mirror above measure Xm2 only 




(5-10) 


For the cube corner mirror alone measure Xml ”"'1' 
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In either case, the use of only one mirror introduces a pair of undamped 
poles in the position measurement dynamics. 
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5.6 ZGTF X-Y VERTICAL DEFLECTION AND FREQUENCY 
Bridge frequency with trolley and load 


ymax 



£V MAX » 

1 - 244 in/ 

E - 2t X 1QO PSI 

P ,m±2flaL0,2ooLi 

2 ■77" 

711 - 61-41 


» 7.i» 

4, - uruy 

With bridge beam weight 
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Y MAX ■ S 
YMAX- 

0)m 28 LB/PT ■ 2.333 LB/IN. 


Y MAX ■ 1.56 X 10-^ IN 
7 11 ’ 61 -62 
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Gantry frequency due to beam weight 
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Figure 5-14 


W - 28 Ibf/ft = 2.33 Ibf/in. 


(5-14) 

(from "Vibration," Thompson, p. 204) 
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Gantry frequency due to bridge 



Figure 5-15 


« 3U^ (5-15) 

sx9mm^/U ^9HHy 

vt 

Reference: Fonnulas for Stress and Strain, Roark, 5tn Edition. 

The first mode frequency of the ZGTF tower, in the vertical direction, is 
at about 69 hertz. 


TABLE 5-1 

WATF AND ZGTF WEIGHTS AND DEFLECTIONS 



WATF 

Using 10'' 
I-Beam 25.4 
(lb) 

WATF 
Using 
W 19 X 26 
(lb) 

WATF 

(Ib) 

ZGTF 

3/10/81 

Trol 1 ey 

200. 

WEIGHT 

200. 

200. 

200 

Loan 

1000. 

1000. 

1000.00 

200 

Bridge 

615.2 

938.16 

977.07 

847 

Gantry 

1066.8 

1085.2 

1112.98 

853 

TOTAL 

2882.0 

3223.36 

3290.05 

2100 

Bridge 

.006082 

DEFLECTIONS 

.002952 

.002998 


Gantry 

.01998 

.01103 

.01194 


TOTAL 

.02606 

.013982 

.02241 



5=17 









5.7 ZGTF TOWER STRUCTURAL MODES 

The ZGTF tower model analysis ms done with the aid of the SAP VI computer 
program developed at the University of California at Berkley. The original 
design for the tower had vertical legs, as shown in the sketch of the original 
WATF tower. It had a first mode frequency of about 15 hertz, which was too low. 

The revised design looks like an oil derrick - 18 feet wide at the bottom 
and 6 feet wide at the top. This has a first mode of 23 hertz, which is 
acceptable. 
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Figure 5-17 

Side View of ZGTF Tower Modal Model, Relative Deflections Shown 
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Figure 5-18 

Original ZGTF Tower Design 
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Z-AXIS LOOP ANALYSIS 


5.8 Z-AXIS CONTROL LOOP ANALYSIS 

The analysis shown is from the updated WATF Z-loop design (9/2/80), 

Analysis No. 8085.5. 1“60» The ZGTF Z-loop design is identical to the WATF 
design as far as the system analysis is concerned. 

The original WATF Z-axis tension-control /loop-design goal was to provide a 
10-hertz minimum control -loop bandwidth. This goal was based upon providing a 
loop bandwidth at least a factor of ten greater than the AGS gimbal control loop 
nominal bandwidth of 1 hertz to minimize the effect of the WATF upon AGS 
testing. The original WATF Z-axis tension-control loop bandwidth was 
approximately 2.5 hertz (Figure 5-19). This was primarily due to designing the 
loop based upon an incorrect value of the Z-axis drive inertia. However, the 
WATF frame/yoke had a bending mode at approximately 6 hertz, which also 
influenced the maximum achievable bandwidth. A discussion of present WATF Z- 
axis tension-control loop design follows. 

5.8.1 WATF Z-Axis Tension-Control Loop Design Synthesis 

The present WATF Z-axis tension-control loop block diagram is shown in 

Figure 5-20. It can be simplified to the forms shown in Figure 5-21. The 

2 

simplification which assumes Jp » MRp is valid since 
Jp = “ (0.012) (75)2 , 

MR^ » (14) (1/6)2 , 0.389 slug-ft^ 
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The lower block diagram in Figure 5-21 shows that the control loop open-loop 
transfer function is 


(5-16) 


Fc 


Ki* Ki IC* Kt Ni Nii n R® 


JoS 1 




Substituting the parameter values shown in Figure 5-20 into the expression for 
the open loop transfer function yields 


(5-17) 


f , iy. 1 7- 


(io)~ 


The closed-loop transfer function is 


(5-18) 


p G.t (S) 
Fc ’ 




TT 


The straight-line approximations to the Bode gain plots for both the open- and 
closed-loop transfer functions are presented in Figure 5-22. 
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Figure 5-22 also indicates that the closed-loop, -3 decibel bandwidth is 
approximately 150 radians per second (23.9 hertz). Note that the bandwidth is 
greater than the resonant frequency of the cable/dummy payload which is at 41.6 
radians per second (6.62 hertz). The second-order lag at 41.6 radians per 
second due to this resonance is approximately canceled by the double lead at 30 
radians per second in the loop compensation. The resonant frequency of the 
cable/dummy payload will vary with cable length because the cable spring 
constant (Kc) is a function of cable length. 


The cable spring constant used in the original Z-axis tension-control 
loop design was 68,500 16/ ft (Reference Al). This value of cable spring 
constant i^dme from a test on a 2-inch long specimen of cable which indicated the 
cable ss-^ing constant was 


\c(lb/ft) = 


750,000 lb 
Cable Length 


and assumed an 11-foot cable length. However, the resonant frequency observed 
on the hardware with a known payload weight did not agree with the frequency 
predicted when using this value of cable spring constant. Consequently, another 
cable test was performed on a 10.5-inch specimen of cable which determined that 
the cable spring constant is, 

_ 290 , 280 1 b 

Kc(lb/ft) - (iabie Length (ft) 

assuming a 12'^ foot cable length gives Kc = 24,200 Ib/ft, which is the value used 
in this analysis. The original cable test (11 May 1979) is documented in 
Reference 83, and the later cable test (12 December 1979) is documented in 
Reference B4. 

The apparent inertia at the output shaft of the worm gear is 
approximately 

Jd = (N^Ng)^ * (0.012)(15 X 5)^ = 67.5 slug-ft^ 


TORQUE 
FROM CABLE 
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Ksg-1.01 volt/lb 
Kt - 0.5 FT-LB/AMP 
Ni - 15 
N2 “ 5 

Jd “ Jm <NiN2)2 =• (0.012X75)2 - 67,5 SLUG-FT2 

R0“1/6FT 

Dc “ 57 LB/FT/SEC 

Kc - 24,200 LB/FT 

M- 14 SLUGS 

Mg - 450.5 LBM 


K| -87.6 1/SEC 
Ka - 0.654 AMP/VOLT 
/>! - 0,5 

CJ^ - 30 RAO/SEC 
P2 - 0.5 

o>2 - 600 RAO/SEC 

UNCOMPENSATSD Kql “ KAKsGKTNlN2!!l!flB “ *726 DIMSIONLESS 

•*0 
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Figure 5-20 

Present WATF Z-Axis Tension-control Loop Functional Block Diagram 
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Z-AXIS ERROR CAUSED BY FRICTION IN THE GEAR TRAIN 
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5.9 Z-AXIS ERROR CAUSED BY FRICTION IN THE GEAR TRAIN 

Use the block diagram from analysis 8085.5.1-60 (Figure 5-21) with 
Jo » Hr2 







Figure 5-23 

Tp is the friction torque disturbance to the gear train 
let Kpg = Kgg Kj N 2 



the loop can be redrawn as shown. 
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The closed-loop transfer function is 
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LL 

^ 0 /M «.* 




I ft * * ^ ^ fei * ^ ^ ^ • (fe -S ♦ l)(^ ♦ ^ 5 f 1 ) 


( 5 ^« 19 ) 


Use the final value theorem to find the steady-state error 
lim f(t) a lim s F(s) I (s) 

t oo S -+ 0 

with a step input of friction to simulate Dahl friction, I(s) » l/s 

1 im f(t) ■ 1 im s/s F(s) 
t -+ 00 S 0 

« 0 because of the s term in the numerator of 

L. 

TF 

there is zero steady-state tension error due to motor friction. 
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5.10 X-Y LOOP ANALYSIS 

Derive the open-loop transfer function from the loop block diagram. 

Design a compensation Gc(s) that produces an open-loop crossover frequency 
of 60 radians per second, with an adequate phase margin for stability. 
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ZGTF X-Y Position Control -Loop Block 
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Figure 5-28 

Open-loop transfer function 


T7T?yr ( S * Kd Kt N G-ef'.S ^ 


(5-22) 


Substituting In values gives 


(5-23) 

K.KtN- »»•■« 


JM - 4 . 
Kc(j4MR») ^ ■ 



CJ-7.7»3 W/3 


Uncompensated gain = ^ = I Jn 

J + MR^ sV'^ 

The cable spring constant can change by a factor of two from 1400 to 
700 Ibf/ft so the uncompensated break frequencies are 

(5-24) 





The open-loop Bode plot approximation is shown in Figure 5-29 for the loop 
with and without compensation. 
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(5-25) 




CJ, ?s 

U»1 ^ <yo 


A»*/ 




77^ 

cj, c 400 


<^1 = 5.5 rad/s avoids a -3 slope below the crossover frequency when Kc 
changes, guaranteeing stability of the loop during saturation conditions. 

W 3 is used to attenuate noise at high frequencies in the control 
electronics, but is not necessary for loop compensation. 


5.10.1 Compensated Phase Margin 

Use the break frequencies shown on the graph. 

^ RS? 






sito*-l9o* + 





-O.h^T 

CJ 3 ^ 'tAjt Xrn^ 
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X-y STEADY-STATE ERROR CAUSED BY CARRIAGE FRICTION 
IN THE X-Y LOOP 
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5.11 X-Y STEADY-STATE ERROR CAUSED BY CARRIAGE FRICTION IN THE X-Y LOOP 
With carriage friction as the input 















Gc(S)«pKtN ^ m RflkjtKeV 

“X7I R ) JS*-+R‘(DtifKc' 


r[gICpXtNR •*-l)jS^ (DtS^Kc) 
- fjS^(^;*i)*GKoXTNRK*>‘S*Ke) 


For a negative input loop 



R. >.CG ~GHR 
R(1 + GHI--GC 
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Figure 5-32 
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^ ■ f«* 


/[jsVi^i) *«K.ICrN«] (D.S* Kt')\ 
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* 6K,KTNR](l).S--ki) 

i 1 III 

MS' [fS'+(((**^)(tl.S*Kc) (4,*l5-(l>.S*lft')eK.KTNR 


Use final value theorem with a step input to simulate Dahl friction 
lim f(t) * lim S F(S) 

t oo S 0 

with a step input for friction 


for 14 Ibf - C 


^ -i- f(i) 

•*-♦0 


= J1K£jL_ 

GKiKrWRKt 

O Ko Ifr N 
- 1C 

’3V5*(ai.4 ^ 

. a,y7 x io*‘'c 


3.6 X 10-3 in. Steady-State error 


(5-29) 
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X-Y LOOP STEADY-STATE ERROR CAUSED BY MOTOR TORQUE FRICTION 
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5.12 X-Y LOOP STEADY-STATE ERROR CAUSED BY MOTOR TORQUE FRICTION 


FRICTION 

TARGETS 



Figure 5-33 


Refer to the carriage friction analysis for derivation of A and B. 


(5-30) 


A'(5ers) KtM 


UJo 


fL_ ( .^34. 


.. vJ4MR' \ Ki 

® rroHii 





Figure 5-34 


(5-31) 




B 

TTXT 


_ _ j4riR^ yWo i 
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Use a step input of friction and the final value theorem 
lim f(t) * lim s/s F(s) 

t ->• oo s 0 


y(t) f(i) 


jf " 

“ i?gCSM<oKTTJ 
J+V\R'‘ 


^ c 

G.K.KtN 


1C 

3qs(xa.4) 


S 1.2J X 10 


V 


for 5 percent of 140 in Ibf friction torque -+ 7 inch-pound = C 
steady-state error * 9 x 10-^ inch error 
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X-Y LOOP DIGITAL SIMULATIONS (FREQUENCY RESPONSE) 


5.13 X-Y LOOP DIGITAL SIMULATIONS (FREQUENCY RESPONSE) 

The X-Y control loop was modeled on the General Systems Analysis (GSA) 
computer program to plot the gain and phase transfer functions for the loop. 

The closed-loop frequency response for the linearized loop with a reference 
force as the input and carriage position as the output is shown in the first 
figure. The frequency is scaled down by 100 so the bandwidth is about 120 
radians per second (20 hertz). 

The second figure shows the loop frequency response with motor friction or 
torque ripple as the input and carriage position as the output. The dc gain is 
about -78 decibels, which agrees with the steady-state ripple torque analysis 
result of 1.28 x 10-4 for gain. The gain starts to rolloff at 4 radians per 
second, showing very good attenuation for ripple torque. 


5-42 




niiiiiii 


OF POOR QUAUTT 



■MW 

l■HlllilB 


111111111 



FREQUENCY (RAD/S) X .01 


Figure 5-35 

X-Y Closed-loop Response ZGTF Linear Model 
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Figure 5-36 

Z6TF Closed-loop Transfer Function 
for Motor Ripple Torque and Friction as Input 
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5.14 X-Y LOOP ANALOG SIMULATIONS (TRANSMIT RESPONSE) 


The X-Y position loop was simulated on the Advanced Dynamics-4 analog 
computer. The computer schematic is shown in Figure 5-37. Auxiliary circuits 
are also described. The auxiliary circuits used were; ramp generator, 1-hertz 
gimbal loop filter, tower dynamics, motor and carriage friction, and motor 
ripple torque. The ripple torque could not be implemented with the frequency 
scaling used on the X-Y loop because of saturation problems in the resolver 
section of the ripple generator. The X-Y loop frequency was scaled down by 100. 
Amplitude scaling is shown in tabular form for the circuit variables and 
constant gains. Transient responses were run for simulated gimbal slew of 30 
degrees per minute (.2 inch per second suspension point travel). The transient 
responses for the loop with each nonlinearity are shown on the strip-chart 
recordings. The error sensitivities are as follows; 


Peak Error SS Error 

Nonlinearity xlO-3 in. xlO-3 in. 


Saturation 

1.7 

0 

SAT plus Tower Dynamics 

1.7 

0 

SAT plus Motor Friction 

2.3 

1.0 

SAT plus Carriage Friction 

10.9 

4.0 

All Nonlinearities Combined 

11*7 

4.5 


The peak error is 11.7 x 10-3 inches, which is within the . 020-inch error 
requirement with 8 feet of cable. The final strip-chart recording shows 
velocity at each end of the X-drive cable. The difference in speed for each end 
at the initial transient shows that the cable is stretching until the 14-pound 
carriage breakaway friction is reached. The velocity at both ends of the cable 
then goes nicely to .2 inch per second. The motor torque during the initial 
transient saturates in both directions. No limit cycle occurs, demonstrating 
the stability of the loop. Increasing the motor torque limit to 180 in-lb-ft 
did not significantly improve the transient behavior of the loop. 
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The steady-state error level with all the nonlinearities Is acceptable, 
but may be eliminated with an integral term in the compensation. However, this 
would lead to limit cycle problems during saturation. The loop could be 
arranged so that the integral gain of the controller would be deactivated during 
saturation to avoid instability, then activated at low error conditions to get 
rid of the steady-state error. 
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Figure 5-37 
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Figure 5-38 
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Figure 5-40 

ZGTF X-Y Loop Analog Computer 
Simulation AD-4 Computer 
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5.14.1 Tower Dynamics 

Second-order system Wn = 22.63 Hz 

* 142.2 rad/s 


(5-33) 


(=«f«.S^*CS'*K)X 

x = 

C Ut »« ^ - f 07 a 3*S"i4 X |0 ^ 

-.OHMS’ 


5.14.2 Motor Torque Ripple 

Five percent of command torque at 25 x motor frequency. 
Use chain-drive speed for motor speed 


2 “ e ^ Q L=^ 

m m2 

9 ^ = 25 = 12.5 Q 


5.14.3 Auxiliary Circuits 
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INPUT RAMP cmcUIT 


100 



TO CONTROLLER INPUT OR QIMBAL FILTER 
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Figure 5-41 


5.14.4 Gimbal Filter 



5.14.5 Tower Dynamics 
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Figure 5-43 
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5.14.6 Motor Torque Ripple 

• Five percent of torque output at a frequency proportional to motor 
speed. 

• 82 to 181 times motor speed 

§ 21 rpm maximum speed - 2.2 rad/s 
gear ratio 150/1 


CABLE 

ACCELERATION 
AT GEAR 


37V MAX 



Figure 5-44 
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5.14.7 Friction 


MOTOR TORQUE CARRIAGE SLIDINO 



Figure 5-45 

for motor torque friction use five percent of Tmax 
140 in-lb (.05) ^ 7 in Ibf 

with scaling = 2.333 



Figure 5-46 



TABLE 5-2 
AMPLITUDE SCALING 


Variable 

Scaled Variable 

Xp = ±10V (±.l in) 

5Xp(v) (500 Xp in.) 

Xj, = ±10V (±.l in) 


E * ±20V 

2E 

A = ±15V 

II A = 3.33 A use 3A 

A* = 75V 

II A' = .667A' use A' 

B = 140 in-lb-ft 

^ B = .357B use | 

I = ±.65 in/s 

IIjI = 76.91 use 1001 

H » 70 Ibf 

H 

L = 140 Ibf 

L use — 

G = 1.3 in/s 

^ = 38.46 use lOOG 

p — 280 _ oi pi n 

^ “ TOT ■ s 

— 2^1 P use 200P 

Q = .65 in/s 

use 10 Q 







TABLE 5-3 

LIMITER GAIN SCALING 




TABLE 5-4 

POTENTIOMETER LIST 


Potentiometer 


Potentiometer 


Number 

Setting 

Number 

Setting 

202 

.207 

254 

.1196 

203 

.207 

255 

.0368 

204 

.225 

257 

.0152 

205 

.21 

262 

.650 

206 

.225 

263 

.650 

207 

.3636 

264 

.650 

212 

,467 

265 

.650 

213 

.467 

266 

.005 

214 

.45 

274 

.010 

215 

.45 

276 

.50 

216 

.2545 

277 

.50 

217 

.0100 

314 

.050 

225 

.01 

324 

.0063 



325 

.2022 



326 

.0063 



327 

.0353 



334 

.0986 



335 

1.0 

234 

.5 

337 

.0104 

236 

.5 

342 

.0233 

237 

.2511 

343 

.0233 

244 

.0227 

344 

.0227 

245 

.0833 

(.0856) 

346 

.14 

247 

.0100 

347 

.14 

354 

.001 

354 

.001 

364 

1.25 

364 

1.25 

366 

.0227 

366 

.0227 
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ZGTF PERFORMANCE VERIFICATION PLAN 

Verification of ZGTF performance will be done in the following areas. 

• X-Y position loop 

• Z-force loop 

t Tower dynamics and stiffness 
t Force sensor at the mast base and in Z loop 

• X-Y loop optical position sensor 

• Force sensor electronics 

• Safety devices 

These tests will demonstrate that the ZGTF will perform as designed, and will 
introduce errors into the test article below the allowable limits. The tests 
to be run will measure the following parameters; 

• Controller electronics frequency response and calibration (analog-to- 
digital converters) 

• Force sensor electronics calibration 

• Structural frequencies and stiffnesses (tower, bridge, Z cable) 
t X-Y-Z drive friction 

• Optical position sensor accuracy and isolation from cable dynamics 

• Force sensor calibration check (Z loop and mast base) 

• Safety device trip points and operation 

• Z-force error during slew and static conditions 

t X-Y position error during slew and static conditions 


The tests are Usted tn the order of system complexity, starting at the 
component level for the control electronics test, to the subsystem level for 
the sensor tests, to full -up system level for the X, y, and Z loop error 
tests. All tests will be performed at Sperry except for the structural 
frequency and stiffness tests on the tower, which will be performed at the 
test facility site. The electronics and sensor calibrations should be 
performed periodically as a regular calibration routine for the ZGTF. Other 
tests, such as the structural frequency test, need not be redone unless major 
structural changes are made to the facility. 

6.1 TEST EQUIPMENT 

Several items of test equipment are necessary for the verification 
tests. Most of the commercial equipment will also be necessary for antenna 
pointing system testing or recalibration of the ZGTF, making it advantageous 
for NASA to purchase or have available the items listed below. 

• H-P 5423 structural dynamics analyzer (or equivalent) 
t X-Y plotter (H-P 9872B, or equivalent) 

• 2 or 3 triaxial strain-gage type accelerometers (Entran EGAX3-10D, 
or equivalent) 

t Accelerometer signal conditioners (Validyne CD-19, or equivalent) 

• Instrumented hammer (PCB Piezotronics) 

’• Wheatstone bridge calibrator (BLH 624/625, or equivalent) 
f 4 to 6 channel strip chart recorder 
f Calibrated weights and hangers 
f Precision voltage supply 

• High-precision digital voltmeter 


Also necessary is a slew motion simulator-position sensor calibrator, which 
will be designed and fabricated as one of the subtasks for the 26TF program. 

A conceptual drawing of a simulator is shown in Figure 3-14. 

6.2 VERIFICATION TESTS 

This section describes the test objective, performance criteria and test 
setup for each test. A list of the necessary equipment is also given. 

6.2.1 Control Electronics Calibration (Figure 6-1) 

Objective: To calibrate the A/D and D/A converters in the control 
electronics 

Performance Criteria: The converters must be linear to within TBD 

percent with less than TBD volts offset. 

Equipment: Precision power supply 

High-precision DVM (16-bit resolution) 

H-P 5423 Analyzer 
X-Y Plotter 

Microprocessor development system 



Figure 6-1 

Test Setup; Control Electronics Calibration 
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Test: A known constant voltage is applied to each channel of the control 
electronics analog-to-digital (A/D) converters. The digital output of the 
converters is read out on the microprocessor development system. The A/D 
outputs are routed through the digital -to-analog (D/A) converters, and their 
output is read on the DVM. The A/D output is compared to the expected 
digitized value for the input voltage to verify that the converter is working 
properly. The D/A output voltage is compared to the A/D input voltage to 
verify that the gain through both converters is one. If not, the gain and 
offset can be adjusted on the D/A converter to produce the proper output. 

This test should be done as part of the normal calibration procedure. 

6.2.2 Control Electronics Frequency Response (Figure 6-2) 

Objective; Demonstrate that the electronic controller has the proper 
transfer function programmed into it. 

Performance Criteria; The transfer function gain and break 

frequencies will be within TBD percent of the 
proper values. 



Figure 6-2 

Test Setup; Control Electronics Frequency Response 
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Test: The v^1te noise output of the H-P 5423 is applied in sequence to the 
X, Y, and Z channels of the control electronics. The controller outputs are 
fed back into the H-P analyzer for frequency analysis. The analyzer outputs 
the controller gain and phase frequency response to the plotter. Since this 
test is simple to set up and run, it can be done as a routine test during 
calibration. However, the electronics transfer function should not change 
once it is programmed into the controller, making this test noncritical. 

6.2.3 Force Sensor Electronics Calibration (Figure 6-3) 

Objective: Verify the signal conditioning electronics are noise free 
and set to the proper gain. 

Performance Critera: The electronics gain shall be linear within TBD 

percent with less than TBD volts offset. 

Equipment: Wheatstone Bridge Calibration (BLH 624/625) 

DVfi and Oscilloscope or H-P 5423 Analyzer 
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Figure 6-3 

Test Setup: Force sensor Electronics Calibration 
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Test; The Wheatstone bridge calibrator simulates a resistance bi'idge trans- 
ducer, such as a load cell, and produces calibrated bridge unbalances that 
can be Interrogated by the stra1n-gage electronics. The strain-gage 
electronics are connected to the calibrator and the electronics outputs are 
displayed on the H-P analyzer, DVM, or oscilloscope. The static gain and 
linearity of the electronics are checked with the H-P analyzer or the DVM 
(for high precision). A series of bridge unbalances is produced with the 
calibrator, and the strain-gage electronics output voltage Is compared with a 
predicted output voltage, which is proportional to the calibrator setting. 

The result is plotted as the calibration curve for the strain-gage amplifier. 
The oscilloscope or analyzer Is connected to the electronics output to look 
for ripple from the electronics carrier frequency or noise in the transducer 
system. The ripple can be balanced out with adjustments to the strain-gage 
electronics. 

This test should be performed as a routine calibration on the signal- 
conditioning electronics. It Is also useful for troubleshooting the sensor 
electronics In case of problems with them. 

6.2.4 Structural Frequencies Testing (Figure 6-4) 

Objective: To do a modal analysis of the ZGTF and to verify the 

accuracy of the structural dynamics simulations for the 
tower and drive carriage 

Performance Criteria: All tower modes must be above 20 hertz 

Equipment; HP 5423 Analyzer 

Instrumented Hammer 

Large ladder or Cherry Picker 

Triaxial Accelerometer (plus spare) 

Strain-Gage Signal Conditioners 
X-Y Plotter 
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INSTRUMENTED 

HAMMER 



Figure 6-4 

Test Setup: Tower Modal Testing 


Test: The test method is to measure and process the acceleration response to 
impulses app^'ed to various points on the ZGTF structure. 

The structure is excited with a hammer, that is instrumented with an 
accelerometer, at points defined as nodes by a structural model programmed 
into the H-P analyzer. The tower vibration response to the impulses is 
measured with a triaxial accelerometer, attached to a point on the structure 
which can be modeled as a node, and which has a measurable response to 
disturbances at all points on the structure. The output of the accelerometer 
is fed into the HP analyzer for data processing. Since the object of this 
test is to define disturbances to the suspension for the test article, the 
best point to mount the accelerometer is at the top of the tower where the 
disturbances are fed into the Z-axis cable. It is advisable that the person 
hitting the tower not be standing on the tower while the disturbance is 
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applied since this will Introduce additional damping and mass to the 
tower. Additional unmeasured forces would also be applied to the tower 
because of the reaction of swinging the hammer. To avoid these problems, the 
operator should stand on a ladder or cherry picker while hitting the tower. 

The modes of interest on the structure are vertical bending of the 
cross beams at the top of the tower (computed at~70 hertz), a cantilever 
beam mode of the tower In the horizontal direction (computed at-^23 hertz) 
and torsion of the tower about the vertical axis (computed at '^27 hertz). 

This test will verify frequencies and mode shapes for the Z6TF structure, and 
only has to be done once following assembly of the ZGTF. Major structural 
rev’ork of the tower will require that the test be rerun. 

6.2.4. 1 Cable Vibration Frequency (figure 6-5) 

Objective: Determine the vibration frequencies for the Z-axis cable 
for the range of tensions and lengths used during actual 
testing. 

Performance Criteria: TBD (dependent on cable length and tension) 

Equipment: Rigid attachment for bottom of Z-axis cable 
H-P analyser or C'trip-Chart Recorder 


PAGE IS 
quality 



Test Setup: Cable Vibration Frequency 
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Test: The X-Y position sensor consists of an array of reflecting mirrors and i 

■R 

optical position detectors which measure position and angular error of the » 

top of the load cell link at the base of the Z-axis cable* The combined j 

output of the sensor is proportional to X-Y position error and independent of | 

cable motion. However, the output of any one detector is very dependent on ji 

cable motion, and can be used to measure its vibr^itional frequency. | 

r 

II 

For this test, the bottom of the cable is attached to a rigid mount I 

',1 

and positioned so that the output of one of the sensors is zero. The cable i 

force is commanded to some typical test level and the cable is twanged 
lightly. The output of the optical detector, proportional to the amplitude 
of the cable vibration, is fed into the analyzer or strip-chart recorder 
where the cable frequency and damping ratio can be measured. The test should 
be repeated for several typical cable force levels and payout lengths since 
the frequency is predicted to be proportional to the square root of cable 
tension and is dependent on cable length. The range of calculated cable 
frequencies can therefore be verified and mapped for each particular test. 

This test should be done before each series of antenna tests, using 
the force and cable lengths expected, for reference information. It will 
also be done following construction of the ZGTF, using the extreme design 
val.ues of cable force and lengths to bracket the frequencies of cable 
vibration to be expected. 
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6.2.5 X-Y-Z Drive Friction (Figure 6-6) 

Objective: Verify the friction character and level assumed in the 
X-Y and Z control loop analyses 

Performance Criteria; TBD 

Equipment; Z-Axis Load Cell 

Strain Gage Signal Conditioner 
Oscilloscope or H-P Analyser 

Z-AXIS 



Figure 6-6 

Test Setup: X-Y-Z Drive Friction 


Test: The load cell for the Z-axis loop is attached to the X or Y drive 
carriage with a rope attached to the opposite end of the load cell for 
manually pulling the carriage. The force on the carriage is gradually 
increased until carriage motion occurs, at which point the force level is 
read on the strip-chart recorder. The test should be repeated with the 
carriage in various positions to check for variations in friction with 
position. 
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The Z-axis force is measured in a similar manner with the load cell 
attached to the bottom of the Z cable. Force is applied to the load cell 
until the cable drum starts to rotate, at which point the force is read on 
the strip-chart recorder. The force levels obtained will be compared to the 
friction force levels assumed in the systems analyses to verify the accuracy 
of the analyses, This test will be run once after fabrication of the ZGTF 
since the friction is a function of the facility's mechanical design and 
cannot be adjusted. 

6.2.6 Optical Position Sensor Test (Figure 6-7) 

Objective: Verify the calibration of the optical position sensor. 
Check its sensitivity to cable vibration. 

Performance Criteria: The sensor gain will be linear within TBD 

percent with less than TBD bias. Cable 
vibration amplitude will be less than TBD 
percent of the cable angle displacement 
amplitude (cube corner mirror displacement) 

Equipment: Gimbal Slew Simulator-Calibrator 

Oscilloscope or H-P Analyser 
DVM 


OPTICAt 



Figure 6-7 

Test Setup: Optical Position Sensor Test 
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6. 2.6.1 Position Sensor Calibration Verification 


The optical sensors used in this system produce a voltage that is 
proportional to the position of the light dot on the face of the sensor. The 
cube corner mirror reflects the beam that measures cable angle, and the flat 
mirror reflects the beam that measures angle of the rigid link at the bottom 
of the cable. Summation and scaling of the two signals are done in the 
sensor amplifier which is calibrated separately. The slew simulator- 
calibrator is bolted* down with the ball screw drive horizontal in the X or Y 
direction, with the displacement measurement block attached. The Z-drive 
cable is attached to the moving block of the slew simulator with some tension 
in the cable. The position of the calibrator is adjusted until the position 
sensor output reads zero, then the micrometer is zeroed. The moving block of 
the simulator is displaced and the distance measured with the micrometer. 

The micrometer reading is then compared to the position sensor output, read 
on the DVM or analyzer, allowing a calibration curve to be drawn for the 
sensor. Errors in calibration must be aojiisted by changing the gains of the 
optical sensor amplifiers, since no adjustments can be made to the optical 
sensors or mirrors, other than zero adjustment, This test should be done 
every time the gain of the link angle sensor (for the flat mirror) is changed 
to compensate for cable length changes. It should also be done periodically 
to check the position-sensor calibration. 

6. 2. 6. 2 Sensitivity to Cable Vibration 

The position sensor is designed to be insensitive to cable vibra- 
tions. In this test the cable is aligned veritically (position sensor output 
equal to zero) with the bottom link attached to a rigid mount. The sensor 
amplifier output is viewed on a strip chart while the cable is lightly 
twanged. Since the X-Y carriage and the bottom of the cable are constrained 
to be motionless, the position sensor output should be zero. Oscillating 
outputs indicate improper gains in the optical sensor amplifiers that should 
be readjusted. This test should also be done every time the link angle 
sensor gain is changed, and periodically during regular calibration. 


6,2.7 Force Sensor Calibration Check (Figure 6-8) 

Objective: Verify the calibration of the Z-axis force sensor and 
and the 6-component mast base transducer. 


Performance Criteria: The transfer ratio of the transducers will be 

linear within TBD percent with less than TBD 
bias. 


Equipment: Calibrated weights plus hangers 
DVM or H-P Analyzer 



Figure 6-8 

Test Setup: Force-Sensor Calibration Check 


Test: Calibrated weights are hung on the Z-axis load cell and the six-axis 
mast base transducer to verify the transducer calibration. The six-component 
transducer is supplied with a calibration body on which the weights are hung, 
thus allowing both forces and torques to be applied to the transducer. This 
test is a standard calibration procedure, and should be done regularly. 



6.2.8 Safety Device Verification 

Objective: Verify the operation of the fail-safe brake on the 

Z-axis loop, and the X-Y position limiters. 

Performance Criteria: Safety device function will be verified before 

operation of the ZGTF. Devices to be tested 
are the fail-safe brake on the Z-axis and the 
X- and Y-axes travel limiters. The fail-safe 
brake should engage any time there is a failure 
in the Z-axis control loop; for example, power 
failure to the electronics or disconnection of 
the force sensor or torque motor from the 
electronics. 

Test: Function of the brake will be tested by disconnecting the force 

transducer, the motor, and the electrical power from the Z-axis control 
electronics. For this test, the bottom of the Z-axis cable will be attached 
to an unmovable object (such as the floor), with a constant force command to 
the cable. 

The X- and Y-axes travel limiters should interrupt power to the X- or 
Y-axes motors whenever the limiters are tripped. These can be tested by 
manually driving the ZGTF carriage in the X and Y directions until the 
limiters are tripped and monitoring the motor power in the appropriate axis. 
Motor power should go to zero when the limit of travel is reached. Both of 
these tests should be done regularly during calibraton and before beginning a 
series of tests to ensure that the test article or test facility will not be 
inadvertently damaged by an electronics failure. 
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6.2.9 Z-Axis Force Error Test (Figure 6-9) 

Objective: Measure the force error produced at the bottom of the 
Z-cable under simulated operating conditions. 

Performance Criteria: The force output of the Z-loop will vary by 

less than .02 percent during operation. 

Equipment: Slew Simulator Calibrator 
Full -Up ZGTF 
Strip-Chart Recorder 



7n0M3Rt 


Figure 6-9 

Test Setup: Z-Axis Force Error Test 


6-15 








Test: The Z-axis loop is designed to apply a constant vertical force to the 
item under test. The slew simulator checks the level of error present in the 
Z loop during dynamic testing. The simulator is set up in the vertical 
position with the Z*axis cable attached to the moving block. The X-Y 
carriage is positioned so that the X-Y position sensor reads zero (Z cable 
vertical). The cable force is commanded to some typical test value and the 
force sensor reading is output to the strip-chart recorder. The slew 
simulator position and Z-loop error are also recorded. A constant speed 
command equal to the maximum test article rate is applied to the simulator, 
producing a ramp position change for the Z cable. After the desired amount 
of travel is reached, the simulator is stopped. The recorded data will show 
the Z^loop error response to a ramp input and the loop steady-state error for 
the time after the simulator is stopped. From this data the expected torque 
error applied by the 2 loop to the test articles can be calculated. This 
test will be done once following the facility start-up to verify the accuracy 
of the system analyses and should be repeated if changes are made to the 
control -loop compensations. 

6.2.10 X-Y Loop Position Error Test (Figure 6-10) 

Objective: Measure position error between the X-Y carriage and the 
suspension point at the bottom of the Z-cable during 
simulated operation. Transient and steady-state errors 
will be measured. 

Performance Criteria: The position error in either X or Y direc- 
tions will be less than .020 inch under 
operating conditions. 

Equipment: Slew Simulator-Calibrator 
Full -Up ZGTF 
Strip-Chart Recorder 
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Figure 6-10 

Test Setup; X-Y Loop Position Error Test 

Test; The X and Y position loops are designed to force the X-Y carriage to 

follow the motion of the test article suspended by the 1 cable. This test is 

set up similar to the Z-loop error test except that the slew simulator is in the 
horizontal position. The X-Y loop position error signals and the slew simulator 
position signal are fed into the strip-chart recorder. The Z-axis force is 
commanded to some typical test value to ensure tension on the cable. A constant 
rate equal to the maximum test article rate is commanded to the slew-simulator 
until the desired amount of travel occurs, and then is shut off. The data 
recorded will be the X- and Y-loop position error for a ramp position input and 
the steady-state position error for the time after the simulator is shut off. 
This data can be used to calculate the torque error applied by the X and Y loops 
to the test article. This test will be done in each the X and Y direction. The 

test should be run following ZGTF start-up and after any changes to the X-Y loop 

compensations. 
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MCI System 

A Multi-Channel Modular Transducer Control 
System That Can Facilitate Your Data 
Acquisition Requirements. 

• Up to 20 ptug-T) urxti per modutc cotc 

• OpcfQlion with voitODlc Reluctance, Strom Gage, 
hetoeiectnc. Piezoretittive, LVOT and Temperature 
Tfontducert 

• Condinoneri tor Freouertcy ana Voitoge inputs 


• Selectable Comer Frequency 4U0 Hz to 20 kHz 

• Short circuit proot 

• Low cost per chormei 


The MCI System consists at a complete ime at Signoi 
CorxMfloning units housed m compoct module coses 
Oesigr^d to be either rock or surface-mounted, they 
prowde the user with superb llexlblll^/ to handle a wide 
vorlety at sigrrol condiiionmg needs 

The signol cor^ditionmg reauiremenis oT the vonobie 
reHjctorrce units hove slimutoted development ot trons- 
ducer control systems wnich otter wide usage tor oil 
types ot tronsducers ond measurement ot eiectncai 
porometers assoetoted with many physicat vunobies A 
stronger copabii'ty tor data acauisition « now avoil- 
obie through me development ot signoi conversion 
ond digital data handling techniques 

The MCI module cases provide me necessory OC 
operotmg voltage ana carrier excitation lor me piug-m 
units and ossocioted transducers A brood line ot 
Signoi conditioning piugHn units are ovailaoie tor use 
wim vonobie reluctance, LVOT, strain gage, piezo- 
electrtc, piezoresistive ond temperature tronsducers, 
voltage bnd ticquency input signals These are 
described on me tciiowing pages 

TTie on sokd stote precision comer supply is a 
distortion-tree Wien-Bnoge oscillator in a ciosety corv 
troRed feedback loop to insure constont voitoge and 
kequency output. Availocie comer trcauencies from 
400 Hz to 20 kHz co.n be easily changed m the Held by 
means at smau plug-m frequency aetetmmirg boards. 

Rroteetton against overload and short circuit of the 
comer supply is provided in me event ot an overload or 
short circuit on the comer output, me oscillator win shut 
down and recover automaticaity when condition is 
removed 

VaUdyne mointoins its consistently high copobiilty tor 
engineenng, design and manutocture ot custom elec- 
tronics and transducers Ttiii is totally m keeping wrth 
the level ot peitrjrmonce Volidyne hos achievea ... a 


level which meets general instiumentallon require- 
ments at a more compettlive price. 

The MCI module cose is truly multt<hannei. housing 
up to 20 piug-in units ond providtng the necessary cor- 
ner and DC operating voitoges tor a brood ime of plug- 
in units ond assoetoted transducers. The units are ovou- 
able m 20. 10 ana 3 channel capacities 
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MCI -10 and MCI -20 


The MCI -10 Senes Module Cose provides piug-in 
cnpocity tor up to 10 piua-in signal conditioning 
modules ana provides me nec *ory DC operating 
voltage and carrier excitation poin tor me mcduies 
ond meir associated transducers. The MCI -20 accom- 
modates up to 20 chonneis. 

The complete Hne of Volidyne manufactured signal 
conditioning olug-in modules are whoky compatible 
wim me system tor use wim vonobie reluctance, IVOT, 
Strom gage, -empercture, piezoelectric and piezo- 
resistive transcMcers, voltage and ticquency mputs. 





MC1-3 

This ti o 3<hanncl, tcaird-down Signal Conditioning 
Syttcm tor oppiicationt where signal conditioning is to 
be dedicoted to small data acquisition requirements. 
TVpicoily, the system may be used as peripheral equip- 
ment with mini computers The portabiiiiy feature of the 
MCI -3 mokes possible many laboratory ond field tests, 
where rapid response to set up requirements is man- 
dotory while restricted to low cost inventory. 



Specifications for MCI 


Power Input: 

105- 125V AC. 50-400 Hz 
Optional 210-250V AC 
50-400 Hz. add -C to 
model number 

Power 

Consumption; 

MC1-104-20: 150VAmox 
MCI -3. 15VAmox 

Comer Supply; 
Voltoge. 
Power; 

5V rms. sine wove 
MCMO & -20: lOVAnxax. 
MCI -3: 0.75VAmax. 

Frequency: 

3 kHz unless otherwise spe- 
cified. Optlonol: 5 kHz. 10 
kHz, 20 kHz. and 400 Hz 
ovoiloble. Can be 
changed In field, see "Ac- 
cessory" page tor piug-m 
ossembly P/N 7796 

Regulotion: 

Une. 105-1 30V AC, 
210-250VAC 

A/nplitude 

±005% 

Frequency 

±0.01% 

Load. No lood 
to full load 
Temp, 0-1 60*F 

±0.15% 

±0.0l%/*F 

±0.10% 
±0.006%/ *F 

DC Supply; 

± 15V DC for plug-in units, 
overload and short-circuit 
proof 

Electricol 

Connections: 

Tronsducer 

Input; 

WK-4-32S. l/channel, mat- 
ing connector WK-4-21C 

Output 

XLR-3-32S, 2/chcnnel. rrxat- 
ir^ connector XLR-3-1 1C 


20, MC1-10, MC1-3 


Power Connection MCI -10 & -20: 

3-wire socket, rear panel 
(6' line cord furnished) 


MCI -3: 

3-vyire power cord and plug 
attached to unit 


Sl 2 e: 

I MC1-20 8V4"hx19"wx17'd 

I Stondord Rock Mount 

k (222cm X 48.2cm x 30 2cm) 

I 

MCMO 5’4“hx19"wx12'd 

I Standard Rock Mount 

I (13.3cm X 48 2cm X 30.2cm) 


MC1-3 5-19/3rh X 8’Y'w x 13»i“d 

Cabinet (14 9cm x 21.6cm 
X 34.5cm). 


Optlonol Feature; 

MC 1 -3 Standard Rock Mount 

5-19/32" X 19". Speci^ 
MC1-3R 


Weight (not Including modules): 

MC1-20 22 lbs (10.0 kg) 

MC1-10 20 lbs. (9.1 kg) 

MCI -3 9 lbs. (4.0 kg) 


- 3 - 






original PAGf 
OF POOR QUALITY 


MCI SYSTEM Application Charts 


MODULES APPLICATION 


APPLICATIOM ■ 

TYPt OP 
TAANtOUCIN 

MCI ttONAL 
CONOtTtONtNO 
PLUO-<N MODULI 

TYPtt OP MOOULIS UttO 


Accaiaralton. 

Ilaady 

variabia Matucianca 
Stram Oaga 

COtl cots. COM 
Saa Porcarioad 

Carriar damoduialora. dual outputa 


ria« 

Oittaranaai Praaaura 
Turbma Plowmalar 

Saa Praaaura 

PCI2 

Carriar damoduiatora dual outputa 
ProQuancy-io-«oitago convartar 


Farca/Lead 

Strain Oaga. AC 
lacrtation taaa Nota 1) 
Strain Oaga OC 
lactation (aaa Nota 2) 

COtt.COM 

sort 

Carriar damoduiatora dual outputa aaiactaoio 
gain 

OC atrain gaga aignal conditionar 


Paattlan. Llrtaar 
and Artguiar 

Vanabia Tranatormar 
Potantiomatar 

cotat.cott COtt 
COM 

■Atl2 COtt 

Carriar damoduiatora. dual outputa aaiactabia 
gam 

OC buttar ampiiliar or carriar damoduiator 


braaatiro 

Variaeia Aaiwctanca 
Strain Oaga AC 
facitaiion (taa Nota It 

StraH.Oaga w'C 
f icitation (aaa Nota 21 
Potantiomaiar 

COtt COtt 
COtt. COM 

PC2S1 

son 

BA112 COtt 

Carriar damoduialora dual output aalaciabia 
gam 

Praaaura to voitagar praaaura to currant 
eonuoriar 

Strain gaga aignai conditional providaa OC 

aacitaiion to/ airam gaga 

OC buttar amplitiar and carnar damoduiator 

1 

RPM 

Elacao-magnaiic or 
Pbotocaii 

FCt2 

PC2M 

Praouoncy to roilaga convartara 


Tampatalura 

Raaiatanca 

Tbarmocoupia 

Tbarmocoupia 

PTM 

CMtMlaaaNotaS). 
COtt. COM 
TC243 

Plabnum and mckai raaiaianca rnarmomatar 
aignai conditionar 
Ramota carriar modulator 
Carriar damoduiatora nign gam 
Tbarmocoupia conditional 


Torgua 

Strain Oaga 
Aotary Tranatormar 

sort 

COlt.COM 

Sir am gaga a<gnai conditional 
Carriar damoduiator. higti gam 


VatecHy. 

Otaatacarytanl. 

VIbrattan 

Piatr. Ciactnc 
Strain Oaga 
Eiactro-magnatic 

PAM 

son. AM4t 
AM4t 

Piaioaiactric aignai conditional 

Stram gaga aignai conditional 4 imaar amputiar 

Linoor ampiitiar mntn mtagiatora 


VIbrallan 

Piato-Ciaciric 
Strain Oaga 

PAM 

son 

Pioaoaiactiic aignai condinonara 
Strain gaga aignai conditinnara 



NOTtt: 

1 AC carrt«r MC'tation iMturat >ow no<M •'’■•1 good taro ttabiiily. but traquancy raaponaa limitad to 2S% ol carriar (radjancy 

2 OC aacitatton taaiuraa traaua«>cy raaoonaa to limit ot tranaducar 

1. CMtge la an aatamai accaaaory mouniad naar tna marmocoupio to cenvan ina OC aignai to a moduiatad carriar voitaga 


SPECIAL FUNCTION MODULES 

APPLICATION 

PANT NO. 

NAMI 

OCtCNIPTION 

Alarm 

ALS4 

Alarm Controilar Unit 

Adiuatabia MI-LCW Alarm 


A01M 

Paan Hold/ Auto Zoro 

Holda paan input aignaia. provioaa automatic taro 
tunctior«a 

ArtaMif Multlplaiara 

MPX29S 

Analog Mulbplaiar 
to or 20Cnannaia 

Multiploaaa analog output aignala ot me to or 20- 
cttannoi aignai coiHlitioring moduia*.. 


MA0264 

Analog Muitipiaiar. 10 or 
20Cbanna:a. «ntn A/0 
Comrorpon 

Muibpiaaaa ma analog output a>gnaia ot 10 or 20- 
aignai cpnditioning mooulaa and r.onvana mo aignai 
output to digital lormai 

Arlthmatle 

MP293 

Mumbmction Modulo 

Multipiiaa dividaa and partorma aduara-root 
ooaralicna intarnaiiy aaiactabia 

AutomaOua 

PC23« 

Praouoncy to voiiaga 
Convarlor 

Convarts aiactricai ign iion timing puiaaa to a OC 
vottago proportional to NPM 
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SPECIAL FUNCTION MODULES (Cen'‘ 


APPLICATION 

PART NO. 

NAME 

DESCRIPTION 

CarrMr- 0«<n«4ul alof 

(•p«ciai pu'poMi 

CD2S7 

Carripr damoouiaior wi<R 
SuppcMatpn and XIO Oam 

Carriar Camodulator witn tuooraaaion control and 
.'CtOgaincapaomiiaa 


CD242 

CarrHif Ddmoduiaior w>iR 
4 10 20 mA O' Souart Root. 
lOV DC output 

Carriar damoduiator wun apaciai outputa 

FHlpr* 

BPF20S 

Band Paaa F'lior 

Providaa aaiactabia iraquaneiaa paaa Panda irom 
DC to tOaHf 


LPF1EJ 

Ultra Low Paaa Fiitar 

low POM futof ing 0 1 to 300 MCOnd 
tim« conttpnit 

R«m«l« 

Cprrtpf MoEulalor 

CMIM 

Ramoia Carnar 
Modulator 

Prowrfioa ramoia earr>ar moduianon and laoianon to 
low lavai DC input aignait Optional coid luiKtion 
companaation lor tna'mocoupia npula 

Null InElcalaf 

NI1S7 

Null Indicator 

Prov'daa a viauai indication o' R " and ~C~ batancn 

Indtcalofi 

PM1IE 

Ptu 9 -in Araioo Malar 

Vomcai panai matar Raaoa 0 to a 1 0V DC 


PM 204 

Plug -In Analog Malar 

t g-poaition varticai -acaia matar tor MC I > 1 0 ana 
MC 1 -20 ayatama Saiactor awncn to diapiav S or 1 9 
channaia. lOX acaia a>panaion antarnai mputa 


PM212-1 

Plug-In Digital Matar 

tT-poaiiion 3'>-digit 'aaoeui tor MCl-tO and 
MC1-20tvatarra 


PM212-2 

Plug-In Digital Malar 

t7-poaiPon 4'n-digit raadoui lor MC1-10 and 
MCI -20 avatama 

CaUbrallon 

SimulatOfa 

TS234 

Tranaducar Simuialor 

Providaa tranaducar aimuiation aignola lor ayaiam 
coiipraiiona and diagnoauc laatmg oi carnar at- 
moduiaiora 

Tampf atx/a 

TC243 

Ttiarmocoupia Amplitiar 

Providaa cold lurKtion comoanantion and ampit- 
ficaiion ot tnormocoupio mout aignaia 


MCI SYSTEM Typical Applications 


ELICTNO 

MAGNETIC 

riCKU^ 


•ANO-PASS 

FILTER 


EPF »S 


0I8RLAV 


AM4S 


LINEAR/ 

INTEGRATION 

AMPLIFIER 


PM3IJ 


PECOROER 


Typic*! Velocity ana Diapiacamant Maasunng Systam 


PRESSURE CARRIER/ 

TRANSDUCER DEMODULATOR AuTO/ZERO DISPLAY 








1 

PM 212 1 








Typical Auto Zaro ot Rasidual Prassura Syatam Sat-up 
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ME 


MC1 SYSTEM Module Index 

Thu nunvncai. in<3c* u provided to tociiitote module information retnevoi Complete unit information can oe 
tour^ in the opprocxiafe data sheet 


MOOIL 

NO 

NAMI 

OetCNIPTION 

LMiaa 

UltrA LOW-P44S Pilltr 

ProviOOa 0>iromo<v i0«-04aa 
Mtonng lor tmor MC t aignai 
COndPiortmg moCuioa 
ProvWoa unrly voitago gam 

PM 104 

Plug-In Analog Malar 

tg-peaioon vorticai-acaio 
'notor lor MCt-lOarra MCt-20 

fyaioma 

■ PP20S 

Bano Past Piltar 

P'Ovidoa aaiociAO'o irocuoncy 
paaa oanoa irom OC to lO kHt 

PM111-1 

Plug-In Otgiiai Molar 

iT-ooaiiion 3'i digit 'oadoui 
lor MCt-lOanO MCI-20 
avtioma 

PM111-1 

Plug-In Oigiia: Motor 

1 7 ' poaitKjn 4 1 -dig<i roadoui 
lorMCt-t0 4ndMCl-20 

avatoma 

TS214 

Trantoucor Simulator 

p'ovidoa tranaducor ai'm.jia- 
non aignaia tor ayatom eai'Ora- 
itona and diagnoatic toatng o' 
carriar domed uiaiora 

PC no 

Praouoncy to Voitago 
Convonor 

Convorta oloctncai ignitio" lim- 
ing ouiaoa to 4 OC voiiago 
proportional 10 PPM 

TC243 

Tharmocoupla Ampiiliar 

P'ovidoa cold lunei.on com- 
panaaaon and ampiii.cat on o< 
ihormoeouoio input agnaia 

PC2S1 

Protauro to Voitaga 
Convortar 

Prnvidoa dual ouiouia oi von- 
ago aquaro-'ool luncnor or 
4-20 rrvA of orptai-xp 'ixxi* 

MFM3 

Muititunction MoOuio 

MuiapNoa. dividoa and oor- 
lorma aouaro-rool ooora^ona 

MPX3SS 

Analog Muitipioiar to 
or 20 Channala 

Muitipiaioa anaioq output ag- 
naiAOlino I0or20cnannai 
signal conditioning moduioa 

C02S7 

Carriar OamoOuiaior 
witn Supprataion and 
XIOOain 

Corrior damoduiaio' «im 
aupproaawn control and X 10 
gam cacaOiiitioa 

CD202 

Carriar Oomoduiaior 
onin 4 to 20 mA or 
Squara Boot and lOV 
DC output 

Camor domoduiator wim 
aoocai output caoaointioa 

MA0204 

Analog Multiptoior. to 
or 20Ci'>''noia witn 
A/0 Co 'awn 

Muitipiaioa mo anaioo output 
aignaia ol lO or 20 cnannei 
aignai conditioning moduioa 
and convorta mo vgnai output 
lo digital lormat 


MOOIL 

NO. 

NAMI 

oiscmPTioN 

con 

Carriar Oomoduiaior 
Dual Output 

Oomodutataa and »grtai cnnoi- 
tiont iranoducor output 

cot* 

SoioctaPio High Oain 
Dual Output Carriar 
Oomoduiaior. Sonai- 
pmtv trom t mV/V lo 
iMmV/V 

Oporataa mm luN ondgo or nan 
pndoa iranoducoro — donvort 
lOV OC Output lor mpuN Irom 
1 mV/Vto .6ImV/V 

AM4« 

Linaar. Smgia and Dual 
iniagralion Ampliliar 

Soiociaolo gam I'noar ampiiiior 
mm ipi* pool Mtar 

PTIO 

Poaiatanca Tharmom- 
otar Conditioning unit 

in<3iCM« rMictanct Of Itmoof . 
aturo Mntor — producot voit- 
aQ« proDomonai to tn« mout 

rtftfttarvrt 

PC 42 

Praquoncy to Voitaga 
Convariar 

Convartt oioctricai troduoncy 
signait oofwioon SO h/ to 
SO kHt to a propoitionai OC 
voitago 

ALI4 

Alarm Controilar Unit 

Oitor* iwo contmuouoiy adiutl- 
aoio oot Domt 0 to a tOV OC 

•071 

Signal Conditionar and 
Powar Supply 

Provido* a snort -eireuii ofooi. 
OC oiciiaiion suopiy lor strain 
gaga ondga circuiN 

PAM 

Vibration Monitoring 
Ampliliar 

P'oducas ar< ouloul orooor- 
sonaito accaiarason vawoiy 
or dtsplacamont lor usa mm 
pwsoaiacmc pickuos 

COM 

Ultra Hign Gain Dual 
Output Carriar Oomod- 
uiaior Sontitivily 
0.1 mV/ V 

ProvKtts iransducar aacita- 
non ompiiiiaaanddamoeu- 
latas output ol carnar oiciits 
siram-gago o.idgas and irans- 
ducart. LVOT/RVOT 

•A112 

Bulfor Ampliliar 

Oltars a high impadanca 
saiaction gam drttarontiai mpui 
lor AC and OC signals and pro- 
mdas a low impadanca smgio- 
ondod output 

PM11I 

Plug-In Analog Motor 

Vortical Panai Maitr Rtads 0 
K> a lOV OC (Ro*ar to p 7 'or 
Additional mtormalion) 

A0 13* 

Poatr Hold/ Auto Zaro 

Sansas and nows a oaak mpui 
signal minout dacay unw a 
'argar signa* is aopi«0 or un«l 
rasaiionro 

C014I 

Carnar Oomoduiaior 
LVOT Conditionar 

Oamoduiatas ma output of 

vpriao^ dfttffpntiai 
Vftnttorrntf 
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MC1 SYSTEM Accessories 


ACCESSORIES INDEX 


MOOtL 

NO. 

NAMI 

OIBCRIPTION 

MC1-3 

MC 1 Mann^ Connactor 

Sat of 9 connactora 1 Ra*ar to 
p 7 lor additional mformationi 

MC1-10 

MCI Mating Connactor 

Sat of 30 connactora iRafar to 
P r for additional mformationi 

MCl-n 

MCI Mating Connactor 

Sat of 60 connactora l Rafar to 
P 7 lor additional information) 

rue 

Tranaducar CaOia 

Standard tOft caowmmwK.4- 
2iConaacnar^(Ra'artoo 7 
for addiaonal information) 

rsrs 

Blank Pana* 

Por ampty cnannai aiot iRa«ar 
lop 6 tor additional mtor- 
maaon) 

rsea 

MC1-3 Rack Mount Kit 

To mount aitnar ona or two 
MC 1 -3 caomat m a atanoard 
i9-mcn rack (Rafai to o 8 for 
additional mformaaon) 

reie-z 

Plug-In MoOuia 
£xtandar 

PC piug-in Doard wiin 20-<nen 
capia PC piug-m board con- 
nacior at and of caoia iPt'tr to 

P etoraCOifionaiinlor-raPoni 


MODIL 

NO. 

NAMI 

OIBCRIPTION 

7796-X 

MCI Carnar Praquancy 
Oafarmmant 

Changat MCI Moduia caniar 
aacnaiion fraouancy Saa lao'a 
onp eofmiabrocn.,fa'or 
daan numpar (X) idanniicklion 
(Rafariop S lor ana>nonai 
mformaaon) 

•OSO-1 

Blank Plug-In Moduia 

Ptug-m moduia «nin blank PC 
board No plating (Pa*aM0 
p 8 lor additional iniormaaoni 

•oso-z 

Blank Plug-In Moduia 

iSama at 8050- 1 ) Compiafa 
clad copoar-PC board iRa'ar 
10 P 8 lor additional mior- 
maaon) 

•S4Z-Z 

Moduia intarconnact 
Cabla 

J.ft long caoia connaeimg out- 
put of XLR3 moduia *0 input of 
anomar xlR 3 muouia i Rafar to 
P 8 for adomona' mlormaaon) 

•S73-Z 

Moduia Intarconnact 
Cabla 

2-ft long caoia connacmg Out- 
put of XLR3 moduia to mpul of 
a iA'K-4 moduia iRa'a' top 7 
lor additional mlormat 0 , 1 ) 



PM118 Plug-In Analog Meter 
Consists ot a vertical oanei meter mounted on a PC 
plug-tn board Reods 0 to ±10V DC Connection is 
mode at output connectors on tfi« oocx ponel of 
the rroauie cose 



P/N 7592 - MC1-3 Rock Mount Kit 
Designed for rrxxinting eitner one or two MC1-3 
cabir^ets in a standard 19" relay rack. Takes 5'^ in- 
ches of rock space 

For cne unit specify (1) eacn P/N 7592-1 arxS-2. 
For two units specify (2) P/N 7592-1 
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V/Alidy 


NE 


MCI SYSTEM 


Accessorigs 



Alternate Comer Requency Accessories 

P/N 7796-"X“ - MCI Cartier Rcquency 
Otlcrmining Plug-in Asler^•b^ 
mea to chor^ MCI mooux cate cortwr «*citotion fre- 
quency See Mo^ng foote for oom nurroen tr>of retote 
to ttre frequency aevgnarion 


OASH CAHRIEn 

NO FNCOUENCY 

•1 SkHi 

■2 SkHt 

•3 lOkHi 

-4 20 kHi 

-S 400 Ht 



«r>i 


P/N 7110 — Transducer Interconnecting Coble 
StarxJOfd I0-«oot cob»e w«fn WK-4-21C an eoon eno for 
VoUdyne Vonooie Reiuctonce Troniouccr mput Soeoty 
P/N 7110-10 tor tfortoaro ier>gtn Aaatorxji lergmi 
specify footage m dosn numbers — e g . 20-toot coore. 
P/N 7110-20. 

P/N 8S42-2 — Connecting Coble 

Module interconnecting cob'e. XLR-3-11C to XLR-3- 

11C. (output to output) Sfd 2 ft 

P/N 0573-2 - Connecting Coble 

Module interconnecting code. WK-4-21C to XLR-3- 

VC. (input to output) Std 2 ft. 



«0M-t M«0-< rm ?•••■« 


P/N 8050-1 — 8tank Plug-ln Module 
A complete bionk piug-in module witn plonk PC booro 
PC board contain* no pkjf.ig except tor PC connector 
pods 

P/N 0050-2 — Bionk Plug-In Module 
A complete blank plug-in rroduie vtntn blank PC board 
PC boord is copper clod 

P/N 7273 — Blank Panel 

tnc purpose at tfvtponeiK to fWln me spoce or on empty 
cnonrrel. 

P/N 7616-2 — Ptug-ln Module Connection Extender 
Pertnin piug-ln modules to be cnecked or odtustments 
rrvode omude oT the MCI module cose Acce**ory con- 
iMti of o PC pKjg-m Doord orv3 a 20-mcn cdbie wim d PC 
boord motmg corrector ottocned to me er>d or me 
cable. 


VESCMt V80 




8626 WILBUR AVENUE 
NORTHRIDGE. CALIFORNIA • 91324 
(213) 886-6468 • TELEX 65-1303 
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MCI SYSTEM 


CD19 CARRIER DEMODULATOR 


c*m« Maoa 



D««crlptlon 

T^• C019 It t high gam. dual output Carriar Oamoduiator 
Plwg-ln Moduit tor uta m Vaiidyna Engir>aaring Corporation ■ 
MCI Syttam Tht unit it utad to provida trantducar aicitation. 
and to amptity and damoduiata tha output o( carnar-a«ciiad 
ttrain>gago bridgat ano trantducara. vanabia raiuctanca 
Iranaducara. potantiomatric trantducara and imaar and rotary 
vanabia ditfarantiai tranatormara (LVOT/RVOT) 

Tha C019 will oparaia witn luH*bridga or hail-bnoga trant* 
ducara daiivartng 10V OC output tor .nputa ranging trom 1 
mV/V to 1M mV/V A tix>ooaibon gam twitch and a tan-iurn 
varniar gam poianiiomatar parmit tna uaa of inputa up to 166 
mV/V. 

Scrawdrivar adiuatad "R" and "C" balanca controia ara 
providad. with a HI and LOW baianca ranga twitch tor a 10 to l 
balanca ranga axpantion 

A calibration circuit providaa availability of tour dittarant 
lavala of piua and mmut calibration voitagaa to ba miactad into 
tha input. 

Output fraquanc, raaponao la controiiad by a low-paaa ac- 
Bva hitar, and la twi cn laiactaoia to 10 Ht. SO Hz. and 200 Hz 
and 1 kHz. 


Faaturaa 

Six taiactabia gam aatimga 

Saiactabia calibration pomu 

Four taiactabia traguancy roaponta rangaa 

3 kHz carriar oparation 

Adiuatabia RAC balanca controia 

Dual output 

SpacKicatlona 

Input tanatUvity: 1 mV/V. 2 9 mV.'V. 9 mV/V, 10 mV/V. 29 mV/V and 
90 aiV/V (twitch aaiactadl 
Oain Varniar; 0 W lOOS. eaiibratad dial 

andfa Iieilaltan’ 9V rma AC. 3 xHt I'om praotion cantar taooad 
Vanatormar 

andga CanRauratton; 2 4 4 arm vanaoia raiucianca 9 atram gaga 
vanaducara. LVO tranatormara and potannomatar iranaoucar 

Input Impadawca: Singia andad. lOOK onma. Oittaraniip 200K onma_ 

■ridaa balanca: Raaialiva (Rl. normal 2 mV/V. n«gn 20 mv/V, 
Capacilnra (C) normal I mV/V nign 10 mV/V 

Output: A. alOV OC at 10 mA; B «9 mV OC at 0 9 mA 
Output impadanaa- A- 90 ohraa. 6 10 onmg 

Output Nelaa: ao mV p-o wnn l khi nitar. 20 mV p-p wtth 200 Hi nitar. 
10 mV p.p with 90 Ht Mtar 2 mV p>p with 10 Hi tiiiar 

kraquancy Waapanaa: Saiactabia 0 to 10. SO. 200 or 1000 Hi. tlat a 10S 

LInaarity: *0 OSH FS 

Tamparatura Rartga: 0** 10 * 190 *F 

Thartnal Zara BMIt 0.00. a/ *k 

Tharmal Sanatttvtty Shift; 0 01%/*k 

kawar baquiromanta: 9V rma. 3 kHi A tl9V OC auppliad by MCI 
modma can# 

Options Avaiiabl* 


SlfMSCNTtO IT 
QUALTECH. INC 
DICK CUNNINGH 
aie w. tkOAOWAT c 
TIMfl AZ. It7ll 


0«*h« 

1 

Oaacrtpllan 

-92. 

A A a oulputa 10V OC 

i 

*A* output tOVOC 
output 9V OC 

•1199 

Biturcatad tarmmaia 
torR9AA R97 

• t26« 

A A 8 Outputs 9V OC 

130S 

Output nitar 1 Hi. 9 HI. 
20 Hi and lOO Hi 

• 1312 

•A* output 4-20 ma 
'9' output 10V OC 


For lypicai application taa 'avaraa a>da 


- 9 - 





ORIGINAL PAGE IS 
OF POOR QUALITY 


Typical Application* 



NOTI: C019 may b* oparatM ovar 1000 or mora (aai of 



Stram Bnagm Csrnar E»ata<t 

cabia batvraan it and tna iranaducar. 


OaiB VAntAtLf 

Af LUCTANCf 


C0I9 


«10VOC 
OUTAUT -A- 


•SM VOC 
ooiAuT a- 


CONTNOL 

(YSTIM 


ACCONOCA 


Simpla Prauura Maaturamant ana Control Syttam 





OUTAUT "A" 

PM312o< PM304 

stmain 


C0I9 


GAQI 


-909 





OUTPUT •t" 

WBBM 









— 1 


COMAUTIA 


Simpla forca/Load Maaturamant and Control Syttam 





OUTPUT "A" 

AL04 

n 


PM212 

"1 










KQnsmn 


C019 








TRANSOUCSn 


-409 









OUTPUT "I" 


r 



1 



i 

r 

PAINTfA 1 


Accaoaorlat Torqua Maaturamant and Alarm Syifam 



VAlidy 

▼ f MtIWO 


NE 


a.O. BOX 9029 

NORTHRIOCE. CALIFORNIA • 91324 
(213) Bt«-t4ta • TELEX 95-1303 

























WlCI/VAl Fac-t 

QP POOn /,S 

POOR 
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GENERAL DESCRIPTION 

Th« Abit CofOO'flion 0. t>a compon*nt >nltfn«l ttrain tMl«nc« i» 

bMicatly of ttit flo 4 ling U§m» tvpt Th« yfimsry tromoi contiil of «n mn«r rod, wncb 
fMItnt to lb« modof tupoorl Iting, «nd « cvl>r<dric«l oulor c«M. which ii m$tittd into «r>d 
attachti to th« modtf Forctt and momantt art rttittad by individuatly rar?K>vJ0*t 
atamantv amoloying ht«ura pivott, eonnacttd bttwtyn iht mnar rod and outtr cata of 
tha balanct 

Tha Ml forca and -nomaiit tantmg componantt of tha balanct connai of two 
normal forca alamanti for datarmmation of normal forca and pitching momant. 'wo iida 
forca alamanti for daiarminaiion of tida forca aod yawmg momant. a dual amai forca 
atamaoi and a dual roll alamant 

Tha rnarmal ar>d tida forca alamann ara aqu'ppad with ralaaation mambart at a>tnar 
and and ara arrangad to act m roll at a lat of cruttad nhbon Maaurat. Similar raiaaaiion 
mambart provida compiianca in tha axial forca diraction. Tha rolling momant alamanit 
ara providad with flarura pivott at aithar and which ara datignad to trantmit pura rolling 
momant to tha gaga taction. Tha dual axial forca aiamaitt >t locatad mtida trta dual roll 
alamant artd trantmitt axial forca from tha outar rata ro tha mnar rod 
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PERFORMANCE 

Accwracy ■> AH 0 O>n(t ttom «ny ot loadmgt 
al t p< 0 duct <Wlt^ln to of 

nMinnum io«d o* tO S'* of JOp*<*d in«d whon com 
0 *r*d «n(h btii tir«igrtt iin« fit Thi« tccw'Kv 
i« mclutivo of Jil KtMtr, ftyttcmit end non tinttniy 
for both piu« «r*d minui to«dt 

InMr action* - Aarcfiiiaqa iniar actioni on any yaqc 
mam bar cauiad by ibt apoi'cadon of full oatifn load 
on any othar saga mambar fall wiltun tba foilOMiing 
valua*: Sayanty % of ma potubit f>rti ordar miar 
aciioni iMill ba lati than or aoual to 0S\ An 
additional 20\ ot tba firit ordar mtar action* «*>ll ba 
lat* than or aoual ;o 1 0^ Tha ramiming 10\ of 
tha fir*t ordar mlar action* anil ba lat* than or aoual 
to 3 0% All intarKtion* >n aicat* of 1 0% anil ba 
linaar anthin plu* or minu* t0% Of tha miaraciion 
output 

Tha parcantaga valua* of tha fir*t ordar mtar 
action* may changa *lightiy if toacificatiom raouira 
a *mall diamatar balanca or a vary light or vary haavy 
load ranga. 

Tharmal aNact* — Tran*iant tamoaratura arrort m 
any gaga alamant do not aicaad 1 0% of full load 
output whan tha tting tamparatura •* con*tani or 
changing and tha outar ca*a tamparatura i* changing 
at a rata of S''F uai mmula balwwn 60^^ arnl tdO^'T 
At ttabilizad tamparatura* tha arror in any gag* 
alamant Joat not *«c**d 0 5% of full load output 
batwaan 60®F and 180®F 

Santibwtv - Full load output of any gag* 
mambar it apprommataly 1 millivolt par volt irtput. 

Gag* eharactarittic* - Bridge ratitianc* it 350 
ohm* for normal and *id* fore* alamant*. 

Tha batic bridge ratittarK* of tha roll>r>g moment 
and aaial fore* alamant* i* 350 ohm*. However, 
tha** componant* aacn oparat* with two full 
bridgat wired in paraHal Thu* th* ratittanc* ■* 
175ohmt. X 

Operating vol tag* of each alamant it 6 to 13 volt*. 
Lower voltag* it racommandad for baiarx** 0.75 
inch diamatar or latt. 


PERFORMANCE EVALUATION 

Each balanca it tubtactad to a parformanc* avalu 
ation to damon*(rat* tatitfactory oparation of all 
fcncbont It It aapacrad that a mere detailed 
calibration, tailored to the individual laboratory't 
naadi. will b* parformad by th* u*ar Mora com 
plat* calibration* can b* parformad by Able if 
da*irad. 


TEMPERATURE COMPENSATION 
PRINCIPLE 

Th* arrangement of anal force aiamanit provide* 
complata ntachanical compantation for radial ram 
paratur* gradient*. Tha two anal fore* alamant 
ttram gag* bridge* are wired to produce a *ignai 
whan tha force* on th* two alamant* ar* oppo*it* m 
wgn. (Thit occur* only vwhan an avtarnai mal load 
« aopliad I If lhar* n a length .ncramant riua to 
cnang* in lamiiaratura added all alortg th* mrurr rod 
or outar cat*, each anal fore* gag* will aipananca 
an iTKramant of load having th* *am* ugn and th* 
ugnalt willcarKal Thu* the *an*itiyity of amal fore* 
to tamparatura gradient* hat bean tignificantiv 
radticad 

STRAIN GAGES 

All gaged taction*, with th* aicaotion of rolling 
moment ar* of th* banding typ* ainployinq 4 active 
foil type, apony bornlaO 350 ohm *tram gaga* 
Rolling moment i* r**i*t*d by a torou* tub* to which 
ar* bonded aimilar gaga* al*o wired m th* form nf a 
4 active alamant bridge 

All *ira«n gaga* ar* pr* matched m comuiat* 
bridge* for rati*tanc* and change in r*ti*taiK* with 
tampa'atur*. Bonding i* aucomplithad utir*g a 
combination of haat cycling and pnaumatically 
apoliad pr***ur* Altar bonding, (h* individual 
bridge* ar* again chackad for tamparatura allactt 
and trimming ratittor* ar* added whar* nacrtiary 

ACCESSORIES 

Abi* Corporation alto produce* all nacattary 
balance accattona* irKludmg 

a Ring and plug gagat-Matter gaga* for baianc* 
tPtnng joint 

a Baianc* gaga-Eaact duplicat* of th* haianc* 
aitanor and ttmg fitting. Canter hoi* permit* 
pattag* of lead* whan utad m place of a balance 
a Cafibrttion body-Loadingtlaavautad to apply 

load* for tantitivity and mtarKtion calibration 
Include* roll arm. pracition circular i*y*i and 
flaaura* to which weight hangar* attach 
a Catibralion ng -Complata tmgl* or multipian* 
rig* for th* application of calibrating load* out- 
wda of th* tunn*i 

• Calibrabon waighi* -Tracaabi* to National 

Bureau of Standard* ar* offaiad m the ranga* 
5«. 10*. 75*. 50*. 75* md ICO* 
WaitFit tolaranca i* tO 1% of th* total .unit 
weight Mor* aaactmg toiarancat ar* quoted 
on r*qj**t 

a Coofant lackatt-Raquiraii for taianc* upara 

tionup totfagnaiion lamoaraturi?* of l.500'^F 
Availabf* for all balance *i/a* and raquir* a 
minimal diarratar mere***, 
a Ovarfoad *tnp«-Avaiiabl* for roll and amal 
fore* m all balanca fza*. 
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STANDARD PERFORMANCE CALIBRATION PROCEDURE 


1. PoMTwt *nd d«tH)n loadt «r* •op<<«d to 

tMianc* outtf c«M UiCft (ten (ore* »na 
momcni •« loKl«d •ndivitfuAlly. Th« ;«Mii 

on t•c^ ii ■pglit'l in incr«nt«nl( nol frttltf 

ttv«n one (iltn of fwM d«»ign lotd. 

Nerm«< fore** tnO iiO« torcM tr* •ppiiOO orin» 
ponniy to mt oultf CM«. tno •«i«l torct it «ppl<td 
flon^ tf«« •>» Of tn« outtr ctM. Pollinf mo<n*nt i« 
ippfitd to the outtr CtM by rmtm of • ntomtnt 
acting tn « pttr't normti to tt«t txttnct ttit 

Eten 9 «tt output i« tttXiiattd tnd Mntitivity 
cttcultitd for tKft titmtftt in ttrmi of mllivoitt ptr 
volt ptr pouryl or miMivolti ptr vOtt ptr inch pound 
for both incrttlinq tnd dterttWOfi lotdin^ Inttr- 
tctiont art plontd m itrnti uf ptretnt full load out- 
put in tht fhtmbtr btmg inttraettd upon, ytrtui 
tppiitd load 


2. With tht Uirtf taptr mamtamad af approtmtattiy 
60^F tht baitrtet ctM itmptraturt ii irterttMd at a 
rau of at Itatt par mmutt until tht btitrKt hat 
raacfitd ttO^F Tht outtr ctM tamparaturt >% than 
ma<ntairMd at ItO^F until tht irwttr ctM ttmotrtiurt 
It ttabiiitad, than tht tamparaturt n raducad at laat' 
S^F pat mrnutt until tht baiartca it a^a^n tiaoiliiad 
at 60^F. Tht Output of ail gapat and tnarmocouplat 
art /acordad avary 2 minuttt throudhout tha run 
A iimilar tait it alto parforntad nyharain both tha 
tur >9 tapar tnd batanca ilaavat art raitad timuita- 
rtaoutiy m tamparaturt to fPO^F 

Widt tha balanca at aoprommataly 180**F, aach 
rompor>ant n loadad atparattiy and tha wnutivity 
m milltyoitt par volt par pound O' millivoUt par volt 
par inch pound it calculated 

Prior to atMmbiy, the md.vidual batanca aiamantt 
art tubtaciad to a tuddan prattura cr«an 9 t from 2 to 
60 PSIA artd tha ouiputt lacordad 


SIZE AND RANGES 

PaprtMntat.va itirdard titat and rangat of Sanat 0 
balartcat art givan m tha tabit Tha torca arni 
momant valuai thown art batad on typical raouira 
mantt Othar tuat and/or loM rangat art avaiUbia 
aitfiar at nfai daugni or modi'icationi of anttirtg 
typat. Thara are ovar 2U0 ttanda>d datignt currantly 
availabla 


£*<mo 

, MOnWAk 

laortca 

IlLaMCNT 


aonca 

•virtM 


sioa 

aonct 

IcaMtsT 


aonci 

tkluairT 


>ar 

I sonuAc 

• onei 

lllMINT 
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contact APALiCATiOnS iNOtNtlAlNO 
TAANSOuCf • ^NOOuCTt 


Cl 


AmLM CORJRCF^mON 
1061 N Shnar.d St . Unit K 
Anahtim CA 92l>06 
Tatapriona 714 6305966 
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QUAurr 


SUPER-MINI LOAD CELLS 


MMAMCaO H»K» M«ASi;«fUtNT 



Designed 

for 

Precision 
Electronic 
Force Measurement 


ModviSM 25 



FEATURES 


momiSM-iooo 


• Ultra Precision 

• Excellent Lineanty 

• High RepeataOility 

• Thermally Compensated 


• Low Moment Sensitivity 

• Low Cost 

• Easily Installed 

• NBS Handbook 44 Sealable 


RATED CAPACITIES; 10, 25 , 50, 100, 250, 500 and 1000 pounds 
(44N, 111N, 222N, 445N, 1112N, 2224N, 4448N) 

Th«M ultra praciaion atram gaga load ca«a art daatgnad axpraaaiy lor ail controiiad ar^vtrorvnar.i. lanatoo 
and compraasAn forca ana aa^m maaaunrtg raouiramami mtarfaca a appKaiion 9 I propnatary advancad 
maiariaia tacimoiogy. m atram gaga and iiaiura daatgn producaa load caM with tna hrgnaat accuracy m ma 
•nduatry vai pncad companiivatv lowa* pa*iorrr»anca urwa 

Thaaa oiggao caHa nava no moving pana to waar out or gal out ol 4 ' iatmarti Tha apaciticattona iiatad baiow 
lOuairato ma aupanor padormanca ol miartaca SM Sar«a load caNa and ara a mafor lactor m mai woridwida 
accapunca m applicationa aucn aa atructural lorca laaimg. mruai maaauramant ataaiyaro roo convararona 
(10 H- 44 . PT8 and SiM raouKarnantai. convayor acaiaa. cnac* maignara. counting and r«niia acaiaa. lanatia 
iaatir>g and angina oynomatara 

Tha miariaca oplior'ai MR (Moiatura Haaratant) Supar-Mmi « now avaiiabia aa a coat allactiva mathod ol 
prolactafg 25 thru 250 lb load caiia agamat tha atlacia cl axpoaura to high humdity (up to 95** RH) and panodK 
condanaation 

Par ma«K aopkcaaona taa Ma«r« Supar-Mn Sanaa oHarmo 200N. SOON. tOOON. 3000N and 9000N caoaciMt and matnc 
mourtfciig irtraada 


SPECIFICATIONS* 


Non-Lmaanly— S Raiad Ou0ul 

Hyataraaia— S Raiad Output 

Nort-Rapaatabiiity— % Ratad Cutyut .... 
Tamparaiura Rang* Compor>aatad— *f 
Tamparatura Ranga. Oparaimg— *F ..... 




, (-54to93*C) 


Tamparatura Eflact on Ratad Output— S ol Raadmg t00*f (% ol Raadm^55 6*C) ... 

Tamparatura EHact on Zaro— %Raiad Output' 100*F (S Ratad Output 55 4*C) 

Tamparaiu’a Ehact on Zaro— SRaiad Output' 100*F (% Rated Output 55 6*C) 

For Modtura Raaiatani Modais 

•*Craap, Altar 20 Mm — s Ratad Output 

Ovarioad Ratmga— % Ratad Capacity 

Sftfv 

*«**«*rt - mt It - rf«»n»<iMt]rtiiriiaairi T ii 

Nominal Oulpul~mV/V 

Zaro Baianca— % Ratad Output 

Input Raaiitanca—Ohma 

Output Ratiatanca — Ohrrt 

Excitation Voitaga 

Racommanoad — VOC 

Inauiation Raaatarv.a. Bndga to Casa— Magonma 

f MA 0w«ww««#A8 

**C4M « «• i»^aa»wt #1 CAMCtV C*m9 «4 «M«« « gro^fW r»4#t gpnugg loM 


x003 
x0 02 
1 OOI 
OlOlSO 
-65 to 200 
xooe 
xooe 

s0l2 


also 

sSOO 

3 

*1 

350 x 35 
350x 35 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


SUPER-MINI LOAD CELLS 


INSTALLATION DIMENSIONS 


Modal 

D 

g 


0 

SMto 3S M men, 

m 

s 

n 

W-M UNF. IS 

too 3M am 

B a 

i9 

iui 

WCaap leeAOotHm 

SMMO mn 


i 

tm 

vy-IOUNFM 

•000 mrr 


r« 


vyOaap wpAOottom 


TENSION FOACE 



SM 10 SM 

SM M SM-100.SM-2S0 


TENSION FOACE 




e 

SM MO. 


SM 1000 


ELECTRICAL INFORMATION 


SM S«nM « provtOtc witn a 4 con0wcior ahiaKiad cable 
(AWO 201 SIMM* smiiong 

AAring cMor cod# contpUM with ISA S37 0-197S Scaoli- 
caaone and Taatt lor Siram Gaga Force Tranaducart." 



APPLICATION NOTES 

1 Ouear ■»*■"» load cant art a— ign»q nor coni r oWd an w onmantai 
aapa c a t iont w vanarai may can Da jaad anywnara a *aaoowi 
matruirant la uaad 

t Ona diamataf mraad angagamani « oastraoia— aooroaHnaMty 
'a* (Omm) on tna «0 llwowgn 2S0 pound rangat and *i" 
or« Fla SOO and lOCO pound unilt 

3 Moaaiura Aaatotan* Supar-M«uioadka«itara'nania0-40 Thata 
uTMts ara raaiaiani to n<gn ounudity condumno up to and 
mctudMig MN Aaiaova Humidity and panodw aipooura to cort- 
danaaaon Tha daaign capapuiiv « not imonoad tor aupmargao 
oparaaoii 


a Jam ncaa may Oa uaad nowavai cara anouw oa aiarc>aad *o 
not appty arcaaaiva toroua acroaa tna load can Torgua anouid 
oa laactad agamai ota wad caa airuciura im m aoiataiy adtacam 
to ma tarn nut 


Modal j 

Jam nut iorqu«< mcivpounda 

SM-IO 1 

I 5 

SM-IS 1 

1 ’’ 

•M-SO j 


SM-IOO. ISO 

40 

SM-IOO 1000 

100 


TERMS AND CONDITIONS 

1. Ordarmg tnWrmaoon Supar-Minw ara ordarad Oy apaerlymg 
Sanaa (SM) and capacity (V'. 23 90 '00 3S0 SOO. 1OOO 
pounda) (rampia SM-iOO 

2. Artemg Conauti yOur Wcai iniariaca Aapraaamainia or ma 
lactery lor pr«a ar«d dadvary 

3 rpmiia Nat m oaya m U S doNara. F(3S Scottadaw Araorta 
USA 

a. Warranty tntartac * me a atandard two-yaar warranty la apPMC- 
apia to ma Supar-Mmi Sanai 'odd catt (ntartaca me cim>twa 
mat aa caaorauen maaturamanta ara iracaaow to ma U S. 
Maaonai Ouraau ot Standaroa ,NSSI 

Arwaa and apaciheaoona auOtaci to cnanga mmoui nowa 


MTttmACi INC 7401 (. nurMCWj* on soorrsoAU . anroNa auao usa laici oraMao tilcx aaajaa 


aovaNCfO roncf ueasuncMtNT 


laijaiai laa 





ORIGINAL PAOZ IS 
OF POOR QUALITY 


ELECTRICAL CHARACTERISTICS 


PARAMETER AND (UNITS) 

PIN-SC/IO 1 PIN-SC/2S 

PIN4C/S0 1 

MIN TYF 

MAX 1 MIN 1 TYP 1 MAX 

MIN 1 TYP 

MAX 1 

RtcufnmcnJtd Moil* of Op«ratiofi 

Photoconductiv* 

PhoioconOuciivp 

Phoioconductivc l 

SpccirsJ Rang* i 5 of Ptak (nml 

J50-1100 




50-1 IM 1 


- 


- 

- 


- 

- 


- 1 

I Untformity of Retponu 



wniM 

- 

wim 

M3H3 

- 

C£ji 


WLf Pt.'P.TP'fflTnrilM 

_ 

mzM 

- 

- 

-0T4- 

- 

- 

Eim 


r Poftiiion Ctnirai 25% 

• 

■iiiji 

mi'^M 

— 

(•m 


— 



1 liMariiy* Ctntral 75% 


4.0% 

10.0% 

- 

f£3 

5.0% 

- 


iJCTv 


- 

mm 

to 

- 

-T- 

■UJi 

- 

SB 

10 


- 

■Liil 

- 

- 

lijUl 

- 

mm 


- 


- 

mm 


B31 

mSm 

mm 

mam 



■ [TTTMlI'l'rttPr' 



- 



- 






SI A RaoommtndaO Only t 

or nwloconductivc Optration 

[ Strips RrsMtancc (kD I 



- 

- 

5 

- 

- 


zzn 

■r*n,'«|'fTr.*ypAi|Hp— —"Hu’j 'r« 

- 


730 

- 

TTar 

TT2ir 

- 

g! i’i'B 



- 


- 

- 

5 

- 

- 

HiJIi 

- 

■^11 1 1 III nil— II li 1 

- 

1 

- 

- 

i 

— 

- 

mm 

- 

RpcofTiiwiMlPil Maximum ^ 

Frtqusncy (UU) 

B 

10 

g 

- 

2 

- 

_ 

n 

- 

O^^tCutrPtitforlO* « ,qv Bu. 

Nofilintaniy (>a) 

100 

1000 

B 

100 

1000 

* 

100 

1000 

- 

Afproximatt Saturation Ltvcl (mw/cm’) 

— 

10 


LUU 

10 

— 

— 

mm 

— 


*D«niMd u ma>. d««iaiion (rom bMl utMkiil lim ov«r (h« ipactfM riai* aiprutad u * p«rcrnU(« of th«l rant* «foc * normalutd lyttcm). 


MECHANICAL SPECIFICATIONS 


STECIFICATION 

PLN-SC/10 

PIN-SC/2S 

PlN-SC/50 

Activt Area Total 
Area (cm* ) 

1.0 

3J 

12.6 

Dunentioru (tn.) 

0.394x0.394 

0.74CX0.740 

1.750 Ota. 

Packaie 

Type 

Machined 

Machined 

Machined 

Window 

Ciaia 

ClMI 

Glaii 

Field of View 
Full Angle 

160° 

155® 

162° 

Tcmperaiuie ILingc 
1 <^ranr| (®C) 

Oto T75 

0 to t75 

0 to ■♦■75 

Storage f°C) 

-25 to t75 

-25 to ♦■’5 

-25 to T75 

bimcntion to Active 
Area (in ) 

0.125 

0.62 

0.05 


SCHEMATIC DIAGRAM 


OUTLINE DIMENSIONS 






TYPICAL CONNCCTlONS FOA 

dual axis oetcctob to 

UOT »IA amplifier 


I V OUTPUT 
SIGNAL 


X OUTPUT 

signal 


PIN-SC/M 



fT T' 

2.225 I 
ISO I 1 900 


XU 


1.790 01 A. 






SPtCIFICATIONS SuajtCT TO CHANOI WITHOUT NOTICC 


0-020-0777 



UNITED DETECTOR TECHNOLOGY 

3939 Landfnafh St.. CuUar atv. Ca. 90230 USA • Phorw 12131 304-22S0 
T«i«a Numb** 1S-24U • C«bl« AMraw: SILOETECT, Cuhrar City, Califomw 


- 17 - 




































StSf Lwidmwk SL CuUw City. C« 90230 USA • Phon* (213t 204-2250 


Tht UDT ~SC” Mrict d«i«cion arc tlual axit poviion icnaort 
that ptovtdt X and Y axu potiiion iniormaiion of a Usht spot 
on th« (U«ctor surface. T!ir«« devicet tenw ih« centroid of 
the Ufht spot and provide continuoui analog output as the 
light spot moves from null point to th; limit of the active area. 

Thew uniq'ie devices are unmatched in potiuon sensiimty, 
resolution and position accuiacy. The PIN SC/ 10, PIN-SC/2S, 
and flN-SC/SO are Schottky harrier type PIN photodiodes to 
provide maximum in performance and reliability with the 
lowest noise values for large area devices. 


FEATLRIS 

Position lensiiiviiy to 0.0001 inch 
Simultaneous power level and position signal 
Position accuracy independent of light spot siie 
Uncomplicated connection 
Elcctricaily variable null point 
Adaptable for special applications 
Spectral response optimized from JSC to 1 1 50 nm 
Position sensitivity for power levels from 
0.5 iAv/cm* to 10 mw/cm’ 


APPLICATIONS 
Optical tooling systems 
Remote optical alignment 
Vibration moniiors 
Antenna alignment 
Structural stress monitors 
Medical instrumeniation 
Machine tool alignment and control 


OAM CwMfNairiliAl V« PIMA 9 «• V 


CAAACfYAMCI Vt 


OR«G!NAL PAGE fS 
OF POOR QUALITY 


POSITION SENSING DETECTORS 
PIN SC/ 10. SC/25. SC, 50 


UNITGD OereCTOR T€CHNOLOGY 




